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ABSTRACT 

The investigation of the epiphyton attached to Scirpus validus 
Vahl. at Lake Wabamun, Alberta, commenced in early May, 1971 and 
continued until the end of August 1972. Seven sites, encompassing 
both heated and non-heated zones in the Sundance and Wabamun Power 
Plant areas were selected for this study. From July, 1971, until 
the termination of the study, water temperature and water chemistry 
were monitored. With the exception of temperature and dissolved 
oxygen levels tnere were no large variations in these parameters 
between the heated and non-heated sites. 

The epiphyton at all sites showed a spring maximum, a 
summer minimum, and ariother large maximum in Tate summer/early autuinn. 
The spring dominants at all sites were Fragilaria eapucina and 
“Matoma elongatun. During tne late summer/early autumn peak, however, 
diatoms ware ceminant in the non-heated sites while chlorophycean 
species were dominant in the heated sites. 

The thermal effiuent caused a decrease in the number of specias 
and a corresponding increase in the importance of a few species in 
the heated sites. The major impact of the effluent, however, was an 
extension of the neriod of open water and the corresponding increase 
in mean yearly standing crop size in the affected areas. 

Many of the major species displayed a preference for either 
the heated or non-heated areas. The ultimate cause of this preference 
was the influx of thermal effluent although the direct cause was 


often not a temperature preference. 
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INTRODUCTION 

The increasing deinands for electricity have led to the construction 
of many new power stations. These stations often use either a river 
(WAPORA, 1971) or a lake (Nursall and Gallup, 1971; Whitehouse, 1971) 
for the dissipation of the excess generated heat which has caused 
environmental changes in these naturai water systems (Cairns, 1956; 
Cairns, Lanza, and Parker, 1972). Although the effects of increased 
temperatures have been the source of intense study (Coutant, 1971; 
Coutant and Goodyear, 1972), the effects on naturally occurring benthic 
algal communities have generaliy been ignored. 

The epiphytic algal community provides an excetlent biological 
indicator of any changes in the ecosystem since the algal components 
of this community are fixed and thus, unlike the phytoplankton, are 
unable to be moved out of the affected areas. Therefore if changes 


in the environment are caused by the thermal discharge of the two 
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power stations at 
changes in the epiphyton. However, before these changes can be 
detected it is necessary to determine the normal seasonai succession, 
species composition, and changes in stanaing crop size of the epipnyton 
in unaffected areas of the lake 

The purpose of this study was to record any changes in an epiphytic 
algal community caused by thermal effluent through a comparison of the 
seasonal succession, species composition, and standing crop in heated 
and non-heated areas. The standing crop was determined using chlorophyll 
a content, total cell numbers, and calculated total cell volume. Soth 
seasonal succession and species composition were determined from total 


cell numbers. 
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Terminology 

The division of the algal benthos into its separate member 
communities has long been a source of confusion (Young 1945, Cooke 
1956, Wetzel 1964, Round 1964). Seligo (1905) introduced the term 
"Aufwuchs’ to include the whole sessile benthic community. "Bewuchs" 
was introduced in 1915 to characterize those organisms that grow 
attached to artificial submerged surfaces (Hentschel, 1915). Almost 
immediately this term was exranded to encompass all organisms that 
grow attached to dead surfaces, while Aufwuchswas redefined to 
include only those organisms that grow attached to a living host 
(Hentschel, 1915). The term periphyton was introduced to refer to 
organisms growing attached to artificial surfaces (Behning, 1928). 
Young (1945), following the definition proposed by Roll (1939), 
considered periphyton to be the "assemblage of organisms growing 
upon free surfaces of submerged objects in water, and covering them 
with a slimy coat". Wetzel (1964) similarily defined periphytcn to 
include ail sessile organisms with the exception of rooted macrophytes. 
Round (1956) stated that the term periphyton was superfluous and 
should be discarded because, by etymology, it signifies a peripheral 
existence and many of the communities it is used to describe are not 
peripheral. 

The term epiphyton has long been used to designate those organisms 
growing attached to macrophytes, whether submerged or terrestrial. 
Cooke (1956) considered epiphyton to include only those organisms that 
grow attached to terrestrial macrophytes, while the term periphyton 
included the organisms growing attached to submerged macrophytes. 


Abdin (1949) used epiphyton and periphyton interchangeably with both 
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referring to organisms that colonize any submerged surface while Round 
(1956), considered epiphyton to include only the organisms that grow 
attached to macrophytes or other algae. Wetzel (1964) reinforced this 
definition by using the term epiphyte to refer to those organisms attached 
to higher plants. However, he used the term only as an adjective to 
modify and restrict the term periphyton - i.e. epiphytic periphyton. 
Foerster and Schlichting (1965) coined the term phyco-periphyton to 
describe the "assemblage of algae growing on or in close proximity to 
submerged plant materials". 

The term epiphyton will be used in this thesis to describe the 
algae that grow attached to submerged macrophytes (Round 1955, 1964, 
Round & Hickman, 1971) while the term periphyton will be used to 


designate those algae that colonize artificial surfaces. 
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LITERATURE REVIEW 

Attached Algae 

Most of the studies concerning attached algae have been 
qualitative rather than quantitative due primarily to the many 
problems associated with the latter (Sladeékova, 1962). Also, 
the majority of studies have been ecological. Edsbagge, (1968 a & b) 
examined the physica! and biological factors that influenced the 
diatom distribution on seaweeds. Pieczynska (1968) studied the 
effects of vertical distribution on the productivity of algae scraped 
from Phragmites sp. wnile Szczepanska (1970) used algae removed from 
Phragmites sp. in six different lakes to examine the role of epiphyton in 
determining the trophic level of a lake. Jdrgensen (1957) also used 
the epiphyton of Phragmites sp. in nis study on the rote of silica in 
diatom periodicity. Knudson (1957) quantitatively removed Tabellaria 


flocculoga (Roth.) Kutz. from Phragmites Sp. for periodicity studies by shaking. 


Young (1945) examined the seasonal succession cf the epinnytes attached 
to Seirpus sp. Hickman (1971) studied the seasonal succession and 
primary productivity of the epiphyton attached to Fguisetum fluvtatile 
L. Assman (1951, 1953) studied the in situ productivity of the 
epiphyton attached to Equtsetum sp. using a modified oxygen technique. 
Therefore, most epiphyton studies have involved a host macrophyte 

of simple growth form so that removal and subsequent determination of 
host surface area was a simple procedure. However, quantitative 
studies of the epiphyton attached to macrophytes of a more complex 
morphology have been conducted. Douglas (1958) studied the epiphyton 


attached to submerged moss by arinding up the host and associated epiphytes 


and then counting the algae. Tippett (1969) removed the epiphytes 
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from various aquatic macrophytes with heated HCl for seasonal 
succession studies of diatoms. Sladeékova (1962) mentioned, in her 
review of methods for study of attached communities, that direct 
microscopic observation of the epiphyton attached to macrophytes can 
be conducted cn macrophytes with thin, nearly transparent leaves. 

She also suggested that direct observation could be made on other 
plants by carefully removing strips of epidermis from the host plant. 
This method is very impractical, however, on plants that have other 
than a simple growth form. 

Due to the large variability in the texture and nature of 
natural surfaces (Grzenda and Brehmer, 1960) and the problems 
encountered with the quantitative removal cf epipnyton from natural 
hosts (Sladdeékova, 1962), many workers have turned to using artificial 
substrata when studying attached algal communities. Coake (1956) 
and Hohn (1966) have reviewed the use of artificial substrata in the 
study of algal periphyton. Quantitative studies using artificial 


surfaces (usually glass slides) have been utilized for standing crop 


ww 
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determination and primary productivity (Sladecek and Sl&deckova, 

1964, Wetzel,1964, 1965, Milovanovic and Petkovic, 1968, Allen, 1971, 
and Brown and Austin, 1973) and for seasonal succession (Abdin, 1949). 
Dickman (1969) used periphyton as a biological indicator of water 
poliution. 

The texture of the substrata, whether natural or artificial, 
influences the structure and composition of the attached algal 
community. Edsbagge (1968b) has found that some seaweeds have their 
own diatom flora. This natural substrate affinity has not been 


demonstrated for freshwater epiphytes, although it probably exists. 
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Early workers (Sladeckova, 1962) concluded that the texture of the 
artificial surfaces made little difference in the periphyton composition. 
As a result of this early work, most periphyton studies employed glass 
Slides as the substrata due to the ease and accuracy in removal obtained 
with the slides. Recently workers have been questioning the validity 

of these early conclusions. Harper and Harper (1967) found that diatoms 
adhered more strongly to glass than they did to plastics, while Hohn 

and Hellerman (1963) found that in cold water styrofoam supported a 

more representative population than did glass. 

A significant difference in beth the composition and density 
exists between the flora attached to a horizontal surface and that 
attached to a vertical surface. Newcombe (1949) found that a horizontal 
Surface may collect up to 6 times the organic matter found attached 
to a vertical surface. Sl&deckova (1962) reported that a horizontal 
Surtace would collect a great amount of debris besides the true 
periphyton. Also light could become a limiting factor on the lower 
surface if a horizontal glass plate weve incubated for a long enough time 
due to the large amount of debris collected on the upper surface. In 
such a situation, tne upper surface of the plate would be characterized 
by autotrophic organisms, while the lower surface would be dominated 
by heterotrophic organisms. The vertical surface collects less debris 
and the two sides have similar populations, aithough the periphyton 
require a longer colonization time. 

It has been stated that the glass slide collects only live 


diatoms (Patrick, Hohn, and Wallace, 1954), and thus becomes a good 
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tool for study of the viable population. Owen (1960), however, found 
that over 30% of the diatoms attached to his glass slides were dead 
at the time of collection. As the incubation period was only 2 weeks, 
he concluded that most of the empty frustules had been empty at the 
time they came in contact with the slide. 

A major consideration in the use of artificial substrata for 
evaluation of attached algal communities is the magnitude of 
planktonic species trapped by the substrata. Brown and Austin 
(1973) Soneneed that Fragtlarta erotonensts Kitton, a planktonic 
diatom, was a major component of the periphyton. Hohn (1966), 
however, concluded that jess than 5% of the population collected on 
slides suspended in Lake Erie were planktonic species. 

Only recently have workers begun to compare the periphyton 
with the natural attached algal communities. Pavrick et al. (1954) 
and Brown and Austin (1971, 1973), have found the communities growing 
on artificial surfaces and on the natural substrata to be very - 
Similar. However, Foerster et al. (1965) reported that glass 
slides supported a smaller diversity of diatoms than the natural substrata 
as well as a reduction in the diversity of the green and blue-green 
algae. They also found that the periphyton seasonal maximum did not 
correspond to the epiphyton maximum. Tippett (1969, 1970) was the 
first to compare the seasonal succession of various diatom species on 
both natural and artificial surfaces. He found that the periphyton 
displayed a distinct seasonal succession but it was not related to 
that shown by the epiphyton. The diversity of diatom species found 
on glass slides was much smaller than on surrounding macrophytes 


due to the failure of some cf the rarer species to inoculate the slides, and 
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also to the inability of some species to colonize the glass slides. 
The artificial surface altered the growth periods of several of the 
diatom species, some were lengthened and others were shortened. From 
this work, Tippett (1970) concluded that as the diatoms were affected 
by the artificial substrata in an unpredictable fashion, periphyton 
was unreliable as an ecological indicator. 

From this it can be seen that the texture and position of the 
substrata can affect the resulting population. In comparing 
populations of algae on artificial and natural substrata, it has been 
demonstrated that the periphyton can be unreliable in predicting the 
seasonal patterns of epiphyton. For this reason, no studies with 
artificial surfaces were attempted in this work. 


Effects of Thermal Effluent on Algal Communities 
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Cairns, Lanza, and Parker (1972) have proposed that pollution 
includes "any change in the environment for which a species or 
community has inadequate information and thus is incapable of an 
appropriate response". Changes in algal species diversity have been 
demonstrated as an effective biological method of pollution detection. 
Thienemann (1939) proposed than an unpolluted environment would be 
characterized by many different algal species, each of which would 
have a relatively small population. Patrick et al. (1954) vostulated 
that any pollution stress causes a decrease in the number of species 
and a subsequent increase in abundance of the more tolerant species. 
The effect of pollution is to eliminate many of the more sensitive 
species. Cairns (1956) believed that due to the strong competition 
that exists for space, a species may be eliminated by an unfavorable 


rather than a lethal factor. The competition is reduced with the 
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elimination of many of these sensitive species, thus the more tolerant 
Species are able to spread out and occupy larger areas. If thermal 
effluent is a pollutant, then the affected algal communities should 
show an expected decrease in diversity, as was shown in the studies 

of Owen (1960). 

A temperature increase causes a decrease in the 100% dissolved 
oxygen saturation level and at the same time causes an increase in 
the metabolic rate of the affected organisms. These two factors 
enhance the possibility of an oxygen depletion in the heated water 
(Phinney and McIntire, 1965). 

Cairns (1956) found that temperature gradients existed in 
algal populations, from 20° - 30°c diatoms were dominant, from 30 - 
35°C members of the Chloropnyta were dominant, and above 35°C 
members of Cyanophyta were the dominant algae. However, some members 
of each group survived even when their optimum temperature had been 
exceeded, because as the temperature was gradually lowered back down 
from 40°C, members of the Chlorophyta and then the diatoms peneearad 
to become the dominants again at their respective optimum temperatures. 
Wallace (1955) supported this contention by showing that even at 
temperatures when most of the cells in unialgal cultures were killed 
by excess heat, there were still some cells that were heat-resistant 
and still viable. 

Several workers have found the abundance of diatoms in the flora 
is inversely related to water temperature (Patrick et al, 1969, Coutant, 
1971). High water temperatures favored the growth of the chlorococcalean 
Cyanophycean algae and desmids. In warm waters, a high oxygen level 
favored members of Chlorophyta, while a low oxygen and high organic 


level favored the Cyanophyta. Owen (1960) reported that thermal 
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effluent favored the growth of Cyanophyta sat diatoms of the Family 

Fragilariaceae, while ali other algae were reduced in numbers. 

However, the effects of thermal discharges on algal populations are 

dependent upon the other environmental conditions, and unless these 

conditions are known, the specific results of the addition of heated 

water are unpredictable. Whitehouse (1971) found that the effects 

of heated water were overridden by a lack of nutrients in an oligotrophic 

lake, WAPORA (1971), in a study of the Ohio River, found that thermal 

discharges had no measurable effects either on plankton composition 

or on primary productivity. North (1969) found a decrease in the 

number of seaweeds in the discharge canal of a power plant along the 

California coast, but reported there was no invasion of blue-green 

algae as might be expected. In a study done on Lake Michigan, there 

was a decrease of the attached algal communities in the thermally 

polluted areas (Cairns et al., 1972). Coutant (1966), in a study on 

a river found that the total attached algal population increased. 

Although all algal groups except the Cyanopnyta showed a decrease in 

the affected areas, the increase in the Cyanopnyta population was more 

than enough to offset this decrease with respect to total standing crop. 
Morgan and Stross (1969) stated that the photosynthetic rate 

in phytoplankton increased with increasing temperature until a maximum 

rate was attained. Any increase above this temperature caused a 

severe reduction in photosynthesis, which was irreversible. Ina 

study done on Long Island Sound, the temperature increase generated 

by a thermal discharge caused a photosynthetic decrease, although there 

was very little change recorded in either species number or diversity 


in the heated area (Coutant and Goodyear, 1972). A 
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possible cause of this rapid decrease in photosynthesis could be the 
instability of chlorophyll at high temperatures. Lanza and Cairns 
(1972) have found that several accessory carotenoid pigments are 
damaged under thermal stress. 

Several morphological features, particularly cell size, have 
been shown to vary in response to changing temperatures (Coutant and 
Goodyear, 1972). Cairns et al. (1972) have reported a suppressed 
cell division at temperatures near the high level of tolerance. Lanza 
and Cairns (1972) have found that abrupt thermal stresses on diatoms 
cause a decrease in cell lipid content possibly due ta the disruption 
of the cell membrane. This lipid loss could delay or prevent cell 
division as reported above. The vertical migration of, particularly, 
the planktonic species could be disrupted as many diatoms use lipid 
droplets for aitering specific gravity. Aiso, the decrease of lipid 
cell content would cause a decrease in the nutritive value of these 
diatoms and thus could have a profound effect on the food web. 

Although the recent literature on tne effects of thermal 
effluent on the biological communities has been prolific, there has 
not been enough work done to explain the many ramifications of the 
addition of heated water to a river or jake system. Only recently 
has work begun to examine the effect of heated water on the physiology 
of the affected algae and also on the algal community structure and 


dynamics. 
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AIMS OF THIS WORK 

This work formed Pees of a larger study undertaken by the 
Departments of Zoology, Botany and Civil Engineering, University 
of Alberta, to examine the environmental consequences of discharging 
thermal effluent directly into Lake Wabamun. The purpose of this 
portion of the project was to determine the species composition, 
seasonal succession, and standing crop of an epiphytic algal 
community attached to Setrpus valtdus Vahl. and the effects of thermal 


effluent on this algal community. 
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METHODS 

Field 

General 

The study commenced in the spring of 1971 after an intensive 
survey of the lake had been conducted to determine the most suitable 
areas for sampling stations. Duplicate samples were taken at fort- 
nightly intervals from seven sampling stations from May 1971 through 
August 1972. These stations included both heated and non-heated 
Sites in the Wabamun and Sundance Power Plant areas. During the 
ice-free months of the year, the sites were always sampled in the 
Same order so that each station was sampled at approximately the same 
time each day. Through the winter and early spring, the four non- 
heated sites were inaccessible due to ice formation. These stations 
were shallow enough that the ice generally went down to the sediment 
surface. This, plus the destruction of the sedge stems by shifting 
ice early in the winter all but precluded any epiphytic population 
at these stations. 

Physical 

The weather conditions were recorded each sampling day. This 
information has been augmented with data obtained from the Department 
of the Environment weather stations at both Stoney Plain and the 
Edmonton Industrial Airport in order to obtain a more complete description of 
the meteorological conditions through the study period. 

From July 1977 until the termination of the study, water 
temperatures and dissolved oxygen contents were determined at each 
of the sites at fortnightly intervals. Measurements were taken at 


0.25 meter intervals from the water surface with a YSI Model 54 Oxygen- 
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temperature Meter. Previous work (Groterud, 1971) and present 
calibrations have shown that the thermistor varied less than 0.4°C 
from those taken with a mercury thermometer while the oxygen readings 
varied less than 0.5ppm from corresponding Winkler titration readings. 
The membrane on the oxygen probe was changed frequently to minimize 
algal and bacterial growth on its surface as the membrane had to be 
kept moist. 

No light transmission measurements were taken due to the 
shallowness of all the stations. At no time during the study was 
it impossible to clearly see the sediment surface. However, 
turbidity readings were recorded for each of the stations. The 
Hach Kit turbidometer was utilized and the degree of turbidity was 
recorded in Jackson Turbidity Units. 

Chemical 

Water samples were collected at each site in one liter polythene 
bottles. Each bottle was rinsed once at the station before it .was 
filled. The water samples were returned to the laboratory where 
they were immediately filtered through GF/A filter paper to 
remove algae, animals and detritus. The samples were then frozen 
until they could be analysed by the water chemistry technician, 
Mrs. G. Hutchinson. The following tests were conducted using 
procedures outlined in Standard Methods (1965). 

Free Carbon Dioxide - Free Carbon Dioxide levels were calculated 
by means of a nomograph in Standard Methods (1965). 

Alkalinity - Both phenol- and total alkalinity measurements 
were made titrimetrically. Total alkalinity was determined using 
bromcresol green-methyl red as the endpoint indicator and expressed as 


mg/1] CaCO. 
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Hydrogen Ion Concentration - The hydrogen ion concentration (pH) 
was determined electometrical ly on a Fisher Accumet Model 220 pH Meter. 

Hardness - Both calcium and total hardness content were 
determined using the EDTA titrimetric method. 

Phosphate - Orthophosphate determination was conducted using 
the stannuous chloride method. 

Nitrate - Nitrate nitrogen was measured using the phenoldi- 
sulfonic acid method. 

Silica - The colorometric molybdosilicate method was used for 
Silica determination. 

Iron - Iron concentration was determined by the phenanthroline 
method. 

Chloride - An argentometric titrimetric method was used for 
chicride determination. 

Sulphate - Sulphate concentration was measured using a 
turbidimetric method in which the sulfate ion is precipitated as 
barium sulphate. 

Fluoride - Fluoride concentration was determined with the Hach 
Kit. The test was very similar to the alizarin photometric method 
outlined in Standard Methods (1965). 

Conductance - Specific conductance was measured using a Beckman 
Conductivity Meter. 

Colour- Colourwas determined by spectrophotometrically 
comparing the water sample against a curve of known values. 

Filterable Dissolved Solids - Dissolved solids were determined 


by evaporating a known volume of water and weighing the residue. 
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During the summer of 1972 tests for potassium {colourimetric 
method) and manganese (persulphate method) were periodically conducted. 

Biological 

The method for sampling the Scirpus validus Vahl. stems along 
with the attached epiphyton involved the removal of the aerial 
portion of the stem before sliding a glass tube over the submerged 
portion (Hickman, 1971). The stem was initially cut approximately 
15 centimeters below the surface of the water to minimize the effects 
of wave action on the sampled population. The portion of stem above 
this cut was discarded. After this initial cut, a glass tube 
(interior diameter 2.5cm) was carefully slipped over the desired 
portion of the stem. A second cut was then made 20 to 25 centimeters 
below the original cut. The glass tube was immediately seaied to 
prevent loss of attached algae from the sampled portion of stem 
and its surrounding water. 
Laboratory 

General 

Immediately upon return to the laboratory, the water fraction 
containing the loosely attached epiphytes was drained off and diluted 
to a standard volume of 100ml. The Seirpus stem was then scraped 
with the blunt edge of a scalpel to remove the attached epiphyton. 
The epiphyton were scraped into a small volume of water which was 
then diluted to a standard volume of 100ml. The entire stem sample 
was systematically scraped several times to ensure complete removal 
of the epiphyton. Periodic examination of the scraped sedges showed 
that removal was complete. Hickman (1971) has shown that if the 


scraping is carefully done, the damage to the stems of Equisetwn sp.is 
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negligible. Microscopic examination showed that damage was also 
negligible with Setrpus validus. 

Due to the cylindrical nature of the Seirpus sp. stem, the 
Surface area of the host plant was easily determined. Attempts to 
correlate either sedge wet weight or dry weight with surface area 
were unsuccessful. 

Chlorophy!l a content 

Sub-samples of 10mls or 25m1s, depending upon population size, 
of the loosely attached epiphyton and the attached epiphyton samples 
were filtered through Whatman GF/C glass fiber filter paper. The 
filter papers and algae were then placed in 25 mls of 90% acetone to 
extract the pigment. The acetone was buffered with anhydrous 
magnesium carbonate to neutralize the extract and thus prevent the 
degradation of chlorophyll a to pheophytin a (Moss 1967a). The 
pigments were extracted at 3° - 4°c in the dark for 24 hours. After- 
wards, extracts were centrifuged at 3,000rpm for 10 minutes to 
precipitate filter paper fibers, cellular components, and excess 
nondissolved magnesium carbonate, and then read at the following wave 
lengths: 750m: (turbidity blank), 665m: (chlorophyll a). 
430mu (chlorophyl] a), and 410 mu (pheophytin a). 

Afterwards each extraction was acidified with 10 drops of . 

HCl and reread at 410m and 430mu. This method, described by Moss 
(1967a,b) enabled the determination of naturally occurring pheophytin 
a, thus decreasing the possibility of overestimating the chlorophyl] 
a content. Results were expressed in mg chlorophyll a/meter® Seirpus 


stem. 
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Cell counts 
After the subsample for chiorophyll determination was removed, 
the remaining portion of each of the samples was preserved with known 


amounts of Lugol's iodine solution and formalin. A subsample was 


then removed and stored for cell count determination. Before counting, 


each subsample was vigorously shaken and, if necessary, placed in a 
sonication cleaner for 1 minute to insure as nearly a homogeneous 
distribution as possible. Three drops (0.1m1) were then placed on a 
slide and covered with a 22 x 40mm coverslip. The number of fields 
counted depended upon the population density, but the number was 
alwayshin.multiples of 25 (25,.50,.75,.100, or. 150. fields). ..The 
maximum number of fields counted on any slide was 150. An attempt 
was made to count at least 300 to 500 organisms per slide. Individual 
cells within a colony were counted; but oniy those ceils lying within 
the field were counted. Living samples were periodically examined 
for the presence of green flagellates. However, at no time during 
the study were green flagellates seen. The counts were expressed as 
the number of cells/meter® Setrpus stem. The cell volume for each 
identified species found was determined from an average of 100 cells. 

Permanent Diatom Slides 

Permanent diatom slides were prepared from each sample for 
species identification, seasonal cycle studies, and cell volume 
determination. Equal amounts of concentrated sulfuric and 
concentrated nitric acids were added to a known volume of each of the 
samples (either 10mls or 25mls depending upon population size). The 
acid was then boiled, almost to dryness. After each subsample had 


cooled, distilled water was added and then changed every day for six 
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days to remove the remaining acid. The slurry of cleaned and acid- 
free frustules was then made up to 15mls with distilled water. One 
ml of this diluted slurry was then carefully spread on a coverslip, 
drop by drop, to ensure a fairly uniform covering and then was heated 
to dryness. The coverslip was mounted with Permount mounting medium. 
For seasonal cycles, 100 frustules per slide were counted (Round, 
1960). The cell volume for each of the major diatom species was 
estimated from an average of 100 cells. 

Statistical Analysis of Sampling Methods 

Two representative samples, each of 10 stems, were collected so 
that the methods used for chlorophyll a determination and cell counts 
could be subjected to an analysis of variance as outlined in Davies 
(1954), Eaton and Moss (1966) Happey (1970) and Hickman (1970, 1971.) 
The aim of the analysis was first to determine the total variaticn in 
each of the methods, and second, to determine the amount of variation 
introduced by the different stages in each of the methods with a hope 
of increasing the reliability of the methods within the limits created 
by available time and host Sezrpus sp. population size. 

In a general situation, let S samples be collected, F subsamples 
be prepared from each sample, and C counts be made on each subsample. 
Replicate counts differ only by the error introduced by counting so 
that the variance at the counting stage = We (1) 
The variance of C replicate counts attributable to counting is aache 
The subsamples possess an additional source of variation which stems 


from variations between subsamples in addition to counting errors. 
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These two sources of error are independent of one another, and are 

5° 
f 

Similarly, the variance at the sampling stage would be o fae to * IF Me 


additive, therefore, variance at the subsampling stage = + o IC des 


The cumulative variances at each of the three stages are 
calculated first, and then the unknowns ee ae and of are 
calculated from the above three simultaneous equations. The variance 
at the different stages and the cumulative variances for each of the 


methods nas been expressed as the percentage deviation from the mean 


1005): This is synonymous with the coefficient of variation (C.V.). 


Cell Counts 

Ten sample stems were collected from each sample. Two sub- 
samples of 25mls each were taken, and then from each subsample, two 
cell counts of 50 fields each were made. 

The analysis of variance results are presented in Table 1 a, b, 
c, and d. Analyses were made for the total population and for the 
dominant species - Sptrogyra sp., Oedogonium sp., and the total diatom 
population. 

The analysis of the total population showed a high variance 
introduced by the sampling technique. Previous workers (Tippett 
1969, Hickman 1971) have demonstrated the natural heterogeneity of 
the epiphytic community. The subsample preparation introduced very 
little variance, indicating that the shaking and ultrasonic treatment 
aided in homogenizing the sampled population. A high variance was 
introduced at the counting stage due to the presence of a 


heterogeneous algal population containing both filamentous and uni- 
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Analysis of variance in the measurement of the standing crops of 
the epiphyton attached to Setrpus valtdus as measured by cell counts - 
(a) whole community, {b) Spirogyra sp., (c) Oedogonium sp., (d) Diatoms 


(a) Whole Community 


Source of Variation 5° 
Sampling (S=10) 328 
Sub-sampling (F=2) 8.5 
Counting (C=2) 395 
Whole Method 7 
mean = 69.4 cells/unit area Scirpus 
(b) Spirogyra 
Paes 2 
Source of Variation Oo 
Sampling (S=10) 51.0 
Sub-sampling (F=2) B720 
Counting (C=2 71.0 
Whole Method 150 
mean = 23.8 cells/unit area Setrpus 
(c) Oedogontum 
Source of Variation ae 
Sampling (S=10) Sia 
Sub-sampling (F=2) 8 
Counting (C=2) 87 
Whole Method 120 
mean = 21.5 cells/unit area Setrpus 
(d) Diatoms 
eae 2 
Source of Variation fe) 
Sampling (S=10) 2.46 


Sub-sampling (F=2) <0 
Counting (C=2) 11.0 
Whole Method 9.85 
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13.3 cells/unit area Setrpus stem 
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Coefficient of Variation 


(% deviation from mean) 
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Coefficient of Variation 
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cellular species. 

The effects of filamentous species on method error was indicated 
with the results of the analysis of variance for Spirogyra sp. and 
Oedogonium sp. (Table 1(b)and(c). The sampling error was similar to 
that of the whole community but the errors introduced by the other 
two stages in the procedure were much greater. This greater variance 
was due primarily to the lack of a homogeneous 
distribution of filamentous algae as compared to unicellular 
species. This difference is evident when the variance of these two 
filamentous species are compared to the variance of the combined 
diatom species (Table 1(d)). The chain forming diatoms that were 
present were broken up by the shaking and sonication processes thus 
creating a unicellular community of diatoms and recucing the 
natural heterogeneity. The negative variance caiculated for the 
subsampling stage for the diatoms (Table 14)) may be taken to represent 
zero variance which again emphasized the moreuniform dispersal 
of diatoms when compared to either Oedogonium Sp. or Sptrogyra sp. 

The analysis of variance for the cell counting step showed 
that the major sources of variation were found in the sampling and 
counting stages. The error in the sampling method could be reduced 
by sampling more stems. However, the feasibility of increasing the 
samplingdepended upon the time available and the need to conserve 
the sedge beds,especially when seasonal studieswere undertaken. Both 
the time available and therelativelysmall size of the various sedge beds 


which were sampled dictated that no more than two stems per bed could be 
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removed during any one sampling day. The large variation during the 
counting step could be reduced by counting more fields and thus more 
Organisms. This was done as much as time permitted. 

Ten sample stems were collected and from each of the 10 samples 
wo subsamples were prepared. The chlorophyll a content was determined 
once for each subsample. Therefore, the variance at each stage is as 
foliows: 

the variance at the subsampling stage = te (4) 


the variance at the sampling stage = of 2G ¢/F. (5) 


The analysis of variance for chlorophyll a content determination 
is presented in Table 2. As before the major source of variation was 
introduced at the sampling stage. The low error at the subsampling 
stage demonstrated the effectiveness of large subsainples which were 
filtered for chlorophyll analysis (10% to 25% of total sample) in 
removing a great amount of natural heterogeneity. 

A decrease in the variation for this method could be obtained 
by taking more samples at each site. However, for the reasons eves 
above, this was impractical. 

Conclusions 

The analysis of variance for these two methods has supported the 
contentions of previous workers (Tippett 1969, Hickman 1971) concerning 
the natural heterogeneity of epiphytic populations. Although the 
variations determined for these two methods are quite high, they are 
comparable to those found by other workers for epiphytic communities 


‘ Tippett 1969, Hickman 1971). These variances are also below the 
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TABLE 2 


Analysis of variance in the measurement of the standing crop of 
the epiphyton attached to Setrpus validus as measured by chlorophyll a 
content. 


9 Coefficient of Variation 
Source of Variation Oo Oo (% deviation from mean) 
Sampling (S=10) eee) Bs 39.8 
Sub-sampling (F=2) Lh 7.05 7.9 
{hole method 29.5 be 40.6 


Oe tere 
mean = 13.3 mg chlorophyi? a/m° Seirpus stem 
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"ye va 


oe — 


notional Yo snatsiMa0) 
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50% error suggested as adequate by Lund et al. (1958): 
",.-Most experimental and ecological observations are 
concerned with generations, or changes in abundance of 
106%. In such investigations then a method which can 
estimate abundance to +£50% is quite adequate and any 
time spent in making more accurate estimates is largely 
wasted." 


Taxonomy 
Diatoms were identified according to Hustedt (1930), Cleve-Euler 
(1951-55), and Patrick and Reimer (1968). 
The green and blue-green algae were identified to species as 
often as possible according to Prescott (1962) and Bourrelly (1966, 1970). 
During this study of the epiphyton, one hundred and forty species 


were identified and are listed in Table 3. The estimated volumes of 


the major algal species are presented in Table 4. 
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TABLE 3 


___ Species Composition of the Eniphyton ee 

Division Bacillariophyta 

Achnanthes extgua Grun. 

Achnanthes laneeolata (Breb) Grun. 

Achnanthes tanceotata (Breéb) Grun. var. dubia Grun. 

Achnanthes minutissima Kutz 

Achnanthes septentrionaltis(Ostr.) 

Amphtpleura pellucida Kutz. 

Amphora ovalis Kutz. 

Coeconets pedtculus Ehr. 

Coceonets placentula Ehr. 

Coeconets placentula Ehr. var euglypta (Ehr.) Cleve 

Cyelotella comta (Ehr.) Kutz. 

Cyclotella Meneghiniana Kutz. 

Cymatopleura solea (Breb.) W. Smith 

Cymbella austrtiaca Grun. 

Cymbella caespitosa (Kutz) Grun. 

Cymbella cistula (Hemprich) Grun. 

Cymbella eymbtformis (Agardh, Kutz. ) v. Heurck 

Cymbella heteropleura Ehr. Cleve 

Cymbella hungartea (Grun.) Pant. 

Cymbella lanceolata (Ehr.) v. Heurck 

Cymbella microcephala Grun. 

Cymbella parva (W. Smith) Cleve 


Cymbetla prostrata (Berkeley) Cleve 


sve Kuh. wR -ntagignbsun eu 
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Table 3 (cont'd) 

Cymbella prostrata (Berkeley) Cleve var. robusta A. Cleve 
Cymbella ventricosa Kutz. 

Diatoma anceps (Ehr.) Grun. 

zatoma elongatum Agardh. 

Diatoma hiemale (Lyngb.) Heiberg. 
Dtatoma vulgare Bory 
Epithemta argus Kutz. 
Eptthemta argus Kutz. var. genuina (Grun.) Mayer 
Epithemta sorex Kutz. 
Epithemta turgtda (Ehr.) Kutz. 
Epithemia zebra (Ehr.) Kutz. 
Eptthemta zebra (Ehr.) Kutz. var genuina Grun. 


Epithemta zebra (Ehr.) Kiitz. var. porcellus (Kutz.) Grun. 
Eunotta diodon (thr.) 


Eunottia sarekensis A. Bg. 

Eunotia septentrtonalts Qstr. 

Fragilaria brevistrtata Grun. 

Fragilarta capucina Desmaz. 

Fragilaria capucina Desmaz. var mesoplepta Rabh. 

Fragilaria construens (Ehr.) Grun. var. binodus (Ehr.) Grun. 
Fragtlaria construens (Ehr.) Grun. var construens (Ehr.) Grun. 
Fragilaria construens (Ehr.) Grun. var. venter (Ehr.) Grun. 
Fragitlaria leptostauron (Ehr.) Hust. 

Fragilaria pinnata Ehr. var. parallela Mayer 

Fragilarta vauchertae (Kutz.) Pet. 

Fragilaria vaucheriae (Kutz.) Pet. var capitellata (Grun.) 


Fragtlarta vaucheriae (Kutz.) Pet. var genuina (v. Heurck) A. Cleve 
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Table 3 (cont'd) 
Gomphonema acuminatum (Ehr.) 
Gomphonema acuminatum (Ehr.) var elongatwn (W. Smith) 
Gomphonema constrictum Ehr. 
Gomphonema gractle Ehr. 
Gomphonema gracile Ehr. var genutnun Mayer 
Gomphonema intricatum Kutz. 
Gomphonema tongteeps Ehr. var subelavataGrun. 
Gomphonema oltvaceum (Lyngb.) Kutz. 
Gomphonema oltvaceun (Lyngb.) Kutz. var calearea Cleve 
Gomphonema parvulum Kutz. 
Gomphonema sphaerophorum Ehr. 
Gyrostgma acuminatum (Kutz.) Rabh. 
Gyrosigma sealproides (Rabh.) Cleve 
Hantaschta amphioxys (Ehr.) Grun. 
Mastoglota elliptica Agardh. var denseii (Thwaites) Grun. 
Mastoglota smithit Thwaites var lacustris Grun. 
Melosira ambigua (Grun.) 0. Mull. 
Melostra granulata (Ehr.) Rolfs. 
Melostra vartens C.A. Ag. 
Navtcula amphtbola Cleve 
Navteula angltca Ralfs. 
Navicula eryptocephala Kutz. 
Navieula cuspidata Kutz. 
Navicula elginensts (Greg. ) 
Wavteula gastrun Ehr. 


Navicula hungarica Grun. var genuina A. Cleve 
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Navteula 
Navteula 
Navteuta 
Naviteuta 
Navieula 
Navteutla 
Navteula 
Navieula 
Navteuta 
Nitzschta 
Nttaeschta 
Nttsehta 
Nitzschta 
Nttaschta 
Niteschia 
Nitzschta 
Ntteschia 
Nitzschta 
Nitzschia 
Niteschta 
Nttzeschta 


Niteschta 


(Table 3 cont'd) 

pupula Kutz. var rectangularis (Greg.) Grun. 
radtosa Kitz. var minuttsstma (Grun.) Cleve 
radtosa Kitz. var radtosa Ktitz.. 
radiosa Kiitz. var tennela (Breb.) Grun. 
saltnarum Gyrun. 

scutelloides W. Smith 

tripunetata (O.F. Muil.) Bory 
virtduta Kutz. 
vulpina Kutz. 

aeteularis W. Smith 

amphtbta Grun. 
amphtbta Grun. var acutiusceula Grun. 
aptculata (Greg.) Grun. 

disstpata (Kutz.) Grun. 

fonttcola Grun. 

gractits Hantzsch 

tgnorata Krasske 

recta Hantzsch 

romana Grun. 

stgmoidea (Ehr.) W. Smith 

stnuata (W. Smith) Grun var tabellarta Grun. 


sublinearts Hust. 


Opephora martyt Herib. 


Pinnutlart 
Pinnulart 


Rhotcosph 


a cuneata (Ostr.) A. Cleve var reducta A. Cleve 


a virtdus (Nitzsch) Ehr. 


enta curvata Grun. var eurvata (Kutz. ) Grun. 
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Table 3 (cont'd) 

Rhopalodia gibba (Ehr.).0. Mull. 
Rhopalodia paralleta (Grun.) 0. Mull. 
Stauronets Smtthtt Grun., 

Stephanodiseus astraea (Ehr.) Grun. 
Surtrella ovata Kutz. 
Synedra acus Kutz. 
Synedra pulchetla Kutz. 
Synedra pulchetla Kutz. var minuata Hust. 
Synedra rumpens Kutz. 
Synedra ulna (Nitzsch) Ehr. 
Tabellaria fenestrata (Lyngb.) Kutz. 
Division Chlorophyta 
Bulbochaete Sp. 

Coelastrum microporum Naegeli. 

Cosmarium hammeri Reinsch. 

Cosmartum protractun (Nag.) D. By. 

Letyosphaerium pulchellun Wood 
Draparnaldia glomerata (Vauch.) C.A. Agardh 
Mougeotta Sp. 

Oedogontum SP. 

Oocystts Sp. 
Pandorina morum (Mull) Bory 
Pediastrum Boryanun (Turp.) Meneghini 
Rhtzoclonium sp. 
Scenedesmus quadricauda (Turp.) Bréb. 


Sptrogyra sp. 
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Table 3 (cont'd) 
Stigeoclontum tenue (C.A. Agardh.) Kuetzing 
Ulothrix sp. 
Zygnema Sp. 
Division Cyanophyta 
Anabaena Sp. 
Lyngbya Sp. 
Lyngbya limnetitea Lemmermann 
Merismopedta glauca (Ehr.) Nageli 
Microcystis aeruginosa (Kutz.) 
Oscillatorta anoena (KUtz.) Gomont. 
Osetllatoria rubescens De Candolle 
Rivularia sp. 


Tolypothrix sp. 
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TABLE 4 


a re 


Division Bacillariophyta 
Achnanthes minuttsstma 
Coeconets placentula 
Diatoma elongatum 
Dtatoma vulgare 
Eptthemta turgida 
Fragilarta capuctna 
Fragtlarta vauchertae 
Gomphonema gractle 
Gomphonema oltvaceum 
Gomphonema parvulum 
Melostra vartans 
Fhotcosphenta curvata V.curvata 
Synedra acus 
Synedra pulchella 

Division Chlorophyta 
Oedogontum Sp. 
Spirogyra sp. 
Mougeotta sp. 
Draparnaldia glomerata 

Division Cyanophyta 
Oscillatorta tenuts 


Lyngbya limnettca 
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DESCRIPTION OF STUDY AREA 

Lake Wabamun is located in central Alberta between latitudes 
53° 30' and 53° 34’ N and longitudes 114° 26" and 114° 44' W. The 
lake is situated approximately 65 kilometers west of Edmonton and 
1.5 kilometers south of Highway 16. 

Geology 

The lake is situated in a low relief area of gently sloped 
hills and valleys very similar to the plains of central and eastern 
Alberta. The Wabamun Lake area is divided into two major drainage 
systems, the Pembina River System flowing north and ultimately 
draining into the Arctic Ocean, and the North Saskatchewan River 
System which flows eastward into Hudson Bay. Tnere is evidence that 
the lakes of this area, Lac St. Anne, Low Water Lake, Chip Lake, 
Isle Lake, and Wabamun Lake are mercly remnants of a much larger lake 
which was probably formed by the melting ice from the last period of 
glaciation. After the break-up of this large lake but during periods of 
higher water than at present, it appears that Isle Lake and Wabamun 
Lake were united into one lake, due to the low relief of the land 
now dividing the two lakes. It is also speculated that during times 
of higher water levels, Lake Wabamun extended much farther east than 
its present shore and that the many small lakes south of Duffield, 
Alberta are remnants of this larger Lake Wabamun (Rutherford 1928). 

The bedrock of the Wabamun area is primarily sandstone and 
shale originating from deposits in a freshwater lake system during 
the late Cretaceous and early Tertiary Ages. The uppermost 
Cretaceous beds belong to the Edmonton formation and are very rich 


in coal deposits, while the Tertiary beds belong to the Paskapoo 
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formation (Rutherford 1928). 

Climate 

The meterological data for the months covering this study were 
obtained from the Stoney Plain Weather Station (53° 38) UN: Fae 
06' W, elevation 2512 feet) with the exception of the monthly total 
hours of sunlight, which was obtained from the weather station of the 
Edmonton Industrial Airport (53° 30 Ne 113030: W, elevation 2200 feet). 
This data is summarized in Table 5. 

The mean temperature (39.5°C) for the duration of the study was very 
Similar to the long term average (406°C). The only two months that 
varied greatly from their corresponding monthly averages were December 
1971 and February 1972. Both months were colder by 6°F and 11°F 
respectively, than their long term counterparts. 

The mean total precipitation (2.18 in) for the study period was 
higher than the long term average (1.82 in). During the early summer 
(June and July) of 1971 the precipitation was nearly double that of the 
long term average. However, the month of Atigust 1971 was much drier than 
normal. During 1972 the months of February, April, and June were wetter 
than normal while July was drier. These abnormalities in precipitation 
were generally not reflected in the total hours of sunlight per 
month. 

During most of the 16-month study period, the prevailing 
winds were from a north-westerly direction. Only during the late 
winter of 1972 (February and March) were the winds from a south- 
easterly direction. Wheelock (1969) reported that the winds were 
generally strongest during the early afternoon and dying down 


towards sunset. This corresponds with my observations. 
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LAKE WABAMUN 
General Features 

A morphometric map (Fig. 1) shows the depth contours drawn at 
2 meter invervals. The morphometric parameters of the lake presented 
in Table 6 are from Nursall and Gallup (1971). 

Inflow into tne lake is primarily through precipitation on 
the lake surface, although there are several intermittent streams 
along the southern and western shores that flow into the lake. However, 
except for a brief period during spring runoff, these streams are 
dry. Nursall, Nuttall, and Fritz (1972) have suggested that sub- 
surface inflow may be an important feature in the water cycle of the 
lake. They have presented evidence concerning the existance of a 
subsurface river flowing from Lake Isle into Lake acer along a 
Pleistocene river channel. Water loss is through evaporation, surface, 
and subsurface outflow. Surface outflow is by way of Wabamun Creek 
which drains into the North Saskatchewan River. Subsurface outflow 
is thought to be in a southerly and southeasterly direction, again 
following the Pleistocene river channel. 

Two electric generating plants have been constructed along the 
shores of Lake Wabamun, due primarily to the many coa! seanis that 
are found near the lake. Both power plants draw in lake water for 
cooling the condensers. This heated lake water is then discharged 
directly back into the lake. The location of these two power plants 
is shown in Figure 1. 

Wabamun Sampling Stations 

The Wabamun Power Plant, the older of the two plants, has a 


maximum production capacity of 600 megawatts. The plant draws its 
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FIGURE oI. 


Morphometric map of Lake Wabamun, showing the locations of 
the two power plants. Depth contours are drawn at 2 meter 


intervals. 
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TABLE 6 


MORPHOMETRY - LAKE WABAMUN 


Elevation 

Area 

Yolume 

Length 

Maximum breadth 
Mean breadth 
Maximum depth 
Mean depth 
Shoreline length 


Drainage basin 
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cooling water from the western edge of a small promontory, Point 
Alison, while it discharges the heated water into a small sheltered part 
of Kapasiwin Bay, on the eastern side of Pt. Alison. During the 
warm water months (May to October) the plant draws in and discharges 
approximately 300,000 imperial gallons per minute. From October until 
late April, one of the two circulating pumps is shut down, so the 
water circulation rate is only one-half that of the summer water rate. 
The shoreline in this study area, with the exception of two areas, 
just west of the intake canal and on both sides of the discharge canal, 
has been developed for recreational purposes with the construction 
of summer cottages and hamlets. This study area, with the exception 
of the complications introduced by the power plant, is fairly 
representative of the western, northern, and eastern shores of Lake 
Wabamun, all of which are areas of extensive lakeside development. 
Four sampling stations were established in the Wabamun Power 
Plant area (Figure 2). Two control sites were established; Site SC 
was chosen as a site disturbed by boating activity, while site WI 
was relatively undisturbed. Both of the heated sites, PA and WO, were 
generally ignored by the boating public and thus were also relatively 
undisturbed. 
Site Sailing Club (SC) 
Site SC, the disturbed control site, was situated adjacent 
to the Wabamun Sailing Club in the proximity of several summer 
cottages (Figure 2). Due to the location of this site, man-made 
turbulence was always a potent environmental factor. During the first 
summer the original Sectrpus sp. bed was destroyed by a cottage owner whose 


land bordered the bed. Following the destruction of this bed, the 
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FIGURE 2. Map of Wabamun Power Plant area showing location of sampling 
sites: Sailing Club (SC), Wabamun Inlet (WI), Point Alison 
(PA), and Wabamun Outlet (WO). 
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Sampling station was moved from its original location on the eastern 
perimeter of the Sailing Club to another smal] sedge bed on the 
western edge of the club. Although this area was rich in emergent 
vegetation, each individual Setrpus sp. bed was very small and sharply 
defined. 

Physical 

Through the open water months of the study period, this site 
generally exhibited isothermal conditions (Figure 3) due to the 
extreme shallowness - 0.75 meters - of this site. The maximum 
temperature, 23°C, was reached around mid-August during the two 
Summers. The autumn cooling was a relatively siow process, beginning 
in early September and ending in early November when ice formed. 
Spring warming was a more rapid process; within the first two weeks 
after the ice had broken, the water temperature had risen to 10.07 
By late May,summer water temperatures had been attained. 

Turbidity reading ranged from 2 to 22 JTU with an average of 
11 JTU (Table 1, Appendix A). Although there was no seasonal pattern 
evident in the turbidity readings, they appeared to be correlated 
with water agitation. 

Chemical 

Dissolved gases 

Dissolved Oxygen - As with temperature, due to the shallowness 
of the site there was virtually no oxygen stratification (Figure 3). 
During the months this station was ice-free, the dissolved oxygen 
level was just above the 100% saturation level. The highest 
levels were attained during mid-summer (July, 1971 and August, 1972). 


Free Carbon Dioxide - The concentrations of free carbon dioxide 
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ranged from 0.1 mg/1 to 1.5 mg/1 (Table 1, Appendix A). 
Dissolved solutes (Table 1, Appendix A) 

Hydrogen Ion Concentration - The hydrogen fon concentration 
(pH) varied from 8.40 to 9.44 with a mean of 8.82. 

Alkalinity - Total alkalinity varied from 124.1 mg/l (26 mg/1 
carbonate alkalinity and 98.1 mg/1 bicarbonate alkalinity) to 180.5 
mg/L (33 mg/1 carbonate and 147.5 mg/1 bicarbonate). The mean total 
alkalinity was 157.4 mg/1 (23 mg/1 carbonate and 134.4 mg/1 
bicarbonate). 

Hardness - Total hardness (EDTA) varied from 93 mg/] to 172 mg/] 
with a mean value of 121 mg/1. 

Phosphate - Orthophosphate concentrations ranged from 9.002 mg/1 


to 0.03 mg/L. The mean was 0.012 mg/1. No seasonal cycle was 


onserved. 
Nitrate - Nitrate nitrogen was probably the most prevaient form 
of nitrogen present due to the high oxygen levels. Nitrate varied 


from 0.05 mg/1 to 0.02 mg/] with an average of 0.03 mg/]. No 
seasonal trend was evident at this site. 

Silica - The range of silica concentrations was from 1.5 mg/} 
to 8.4 mg/1 with an average of 2.5 mg/]. No seasonal variation in 
Silica was apparent at this station. 

Iron - Ferrous iron concentrations varied from 0.02 ing/] to 
0.12 mg/1. The mean value was 0.05 mg/1. 

Sulphate- Sulphate concentrations were fairly constant, ranging 
from 18 mg/1 to 40 mg/1. Except for the one high reading, all of the 


readings were between 18 mg/l] and 32 mg/1. The mean was 26 mg/1. 
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Chloride - Chloride varied between 0.11 mg/1 and 12 mg/l with 
an average of 2.3 mg/l. 

Fluoride - Fluoride concentration was determined twice during 
the course of the study. In both instances, the concentration was 
below 0.5 mg/l]. 

Potassium - Potassium was present in such a minute quantity 
that it was undetectable. 

Manganese - Manganese, as potassium, was determined twice during 
the study. The concentration in both cases was 0.04 mg/] . 

Filterable Dissolved Solids - Filterable dissolved solids varied 
from 130.0 mg/1 to 256.0 mg/] with a mean of 205.6 mg/}. No seasonal 
trend was evident. 

Specific Conductance - Conductance readings were very similar 
through the course of the study, ranging from 280 to 390 micromhos 
with an average value of 345 micromhos. 

Biotic 

Shortly after ice break-up, the first macrophyte to appear 
was Equisetum fluviatile. These plants, however, rapidly disappeared 
as Setrpus valtdus began to appear. 

Site Wabamun Inlet (WI) 

Site WI, the undisturbed control site, was situated 
immediately westward of the inlet canal (Figure 2). This sedge bed, 
being bordered by land controlled by Calgary Power, was generally 
ignored by the boating public. Periodically fishermen would anchor 
and fish near the Setrpus bed, but none were Seen to penetrate 


the bed. Sedge samples were taken about 5 meters in from the edge of 


the bed. 
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Physical 

Isothermal conditions were usual due, as with Site SC, to the 
shallowness of the site (Figure 4). Only once during the study, mid- 
August, 1972, was there any stratification. Unlike SC, the cooling 
process during the autumn was not a relatively slow and constant 
process, but rather consisted of two periods of very rapid cooling, 
late August to mid-September, and mid-October to early November, 
separated by a period of stable temperatures. 

Turbidity readings ranged from 1 to 21 JTU with an average of 
10 JTU (Tabie 2, Appendix A). 

Chemical 

Dissolved Oxygen - As with SC, the dissolved oxygen values were 
around the saturation level, 90% to 120% saturation (Figure 4). 
Except for July, 1971, and mid-June, 1972, there was littie oxygen 
stratification. 

Free Carbon Dioxide - Free carbon dioxide concentrations ranged 
from less than 0.1 mg/1 to 1.5 mg/1 (Table 2, Appendix A). 

Dissolved solutes (Table 2, Appendix A) 

Hydrogen Ion Concentration - pH values varied from 8.47 to 9.72 
witn a mean value of 8.93. 

Alkalinity - Total alkalinity values were generally similar, 
ranging from 127.6 ma/1 (37 mg/1 carbonate and 90.6 mg/1 bicarbonate) 
to 186.5 mg/1 (32 mg/1 carbonate and 154.5 mg/1 bicarbonate). The 
mean was 159 mg/] (22 mg/1 carbonate and 137 mg/1 bicarbonate). 
During 1971, there appeared to be a gradual increase in total 


alkalinity from late April until early September. Such a trend was 
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not evident during 1972. 

Hardness - Total hardness (EDTA) varied from 96 mg/l to 148 mg/] 
with a mean value of 117 mg/1. 

Phosphate - Orthophosphate concentrations ranged from 0.001 
mg/1 to 0.02 mg/1 with a mean of 0.007 mg/1. No seasonal trend was 
observed. 

Nitrate - Nitrate nitrogen levels were very constant, ranging 
From 0.02 mg/l to 0.04 mg/1 with an average of 0.03 mg/1. No seasonal 
trend was observed. 

Silica - The range of silica concentration was from 1.05 ma/1 
to 3.5 mg/l. The average concentration was 2.0 mg/1]. No seasonal 
variation in silica was apparent. 

Iron - Ferrous iron concentration varied from 0.02 mg/1 to 
0.14 mg/! with a mean of 0.06 mg/1. 

Sulphate- With the exception of a single high sulphate 
concentration of 64 mg/l in late April, 1971, tne concentration of 
this compound was very constant, ranging from 36°07 [ato faemG/ ih. 

The average concentration was 2/7 mg/1. 

Chloride - Chloride values ranged from 0.35 mg/l to 5 mg/] 
with a mean value of 2.34 mq/1. 

Fluoride - Fluoride concentration was determined 3 times in 
the autumn of 1971. The concentration in all three samples was below 
Oe ma) tc 

Potassium - The potassium concentration was so minute that it 
was undetectable the two times a determination was attempted. 

Manganese - Manganese concentration, also determined twice, was 


Slightly below 0.04 mg/1. 
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Filterable Dissolved Solids - Filterable dissolved solid 
concentrations varied from 70.4 mg/1 to 323 mg/] with an average 
value of 224.1 mg/l. 

Specific Conductance - Conductance values were very similar 
ranging from 300 to 400 micromhos with a mean of 348 micromhos. 

This sedge bed, while being fairly large, was very open unlike 
the other three sites in the Wabamun area. Growing among the Setrpus sp. 
was Nuphar vartegatum Engelm. Although Setrpus sp. appeared earlier in 
the spring and persisted until freeze-up, the Nuphar sp. was present 
through most of the growing season. 
Site Point Alison (PA) 

Site PA, located along the eastern shore of Point Alison and 

near the southern tip (Figure 2), was normally under the infiuence 
of the thermal discharge. This site, although bordering the property 
of a cottage owner, was generally undisturbed. The submerged macrophyte 
beds surrounding the site discouraged boaters and fishermen from 
approaching the site. This station was very sheltered as the point 
protected the site from most of the turbulence on the lake proper. 
The sampled Seirpus bed was very small and shallow, approximately 
3/4 meters deep. 

Physical 

The influx of cooler lake water under the thermal discharge 
caused periodic thermal stratification at this site (Figure 5). As 
this site was on the periphery of the thermal plume, the station was 


prone to stratification caused by the inflow of ambient lake water 


under surface heated water or even the complete exclusion of heated 
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water through changes in wind-generated circulation patterns. During 
the autumn and early spring, stratification was most prominent, 
although there was also stratification during the summer of 1972. 
Twice during the study, the thermal plume was virtually excluded from 
this site, during the late summer of 1971 and also during the month 
of January. The temperature changes caused by this exclusion during 
the summer were minimal, but the changes in the winter were both 
drastic and rapid. During late January, this station was briefly 
under a thin sheet of surface ice. 

The turbidity reading fluctuated between 2 and 27 JTU over 
the study period with an average of 9 JTU (Table 3, Appendix A). 
With the exception of one value, the reading during the winter and 
early spring were slightly lower than those for the rest of the year. 

Dissolved gases 

Dissolved Oxygen - The dissolved oxygen levels were usually at 
or well above 100% saturation (Figure 5). Stratification, although 
often present was not severe. The oxygen levels were higher during 
the spring and summer, reaching 180% saturation, than during the 
autumn and winter when the levels were very close to 100% saturation. 

Free Carbon Dioxide - Free carbon dioxide levels varied from 
less than 0.1 mg/] to 1.7 mg/] (Table 3, Appendix A). No seasonally 
induced changes were evident. 

Dissolved solutes (Table 3, Appendix A) 
Hydrogen Ion Concentration - The pH ranged from 8.32 to 9.7 


with an average of 8.99. 
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Alkalinity - Total alkalinity varied from 138.0 mg/1 (24 ma/1 
carbonate and 114 mg/1 bicarbonate) to 204.8 mg/1 (42.2 mg/! carbonate 
and 162.6 mg/l bicarbonate) with a mean of 170.4 mg/1 (30.6 mg/1 
carbonate and 139.8 mg/] bicarbonate). The alkalinity values, with 
one exception, were generally higher during the winter and early 
spring months than during the late spring, summer and autumn. 

Hardness - Total hardness (EDTA) ranged from 88 mg/1 to 200 
mg/l with a mean of 124 mg/1. 

Phosphate - Orthophosphate concentrations ranged from 0.001 mg/1 
to 0.09 mg/1 with an average of 0.023 mg/l. Phosphate levels 
increased during the winter months and decreased during the spring. 
The level of phosphate in the water remained low through the summer. 

Nitrate - Nitrate nitrogen varied from 0.02 mg/1 to 0.06 mg/1 
with an average of 0.03 mg/l. During February and March, nitrate 
concentrations increased to a maximum of 0.06 mg/l by late March. 
The level of nitrate, nowever, quickiy dropped to summer levels 
during April. | 

Silica - Silica levels ranged from 1.1 mg/1 to 3.7 mg/1 with 
a mean of 2.1 mg/l. The concentration of silica in the water 
increased during the autumn and winter until a maximum was attained 
in early February. The drop in silica corresponded with the drop in 
nitrate. Over the summer the silica level remained low until late 
Summer when a rapid increase in silica caused a second maximum. 

Iron - Ferrous iron varied from 0.03 mg/] to 0.10 mg/1 with 
an average of 0.05 mg/1. 

Sulphate- Sulphate concentrations varied little seasonally, 


ranging from 18 mg/1 to 37 mg/1 with a mean of 26 mg/I. 
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Chloride - Chloride varied from 0.71 mg/1 to 11.0 mg/1 with 
an average of 2.37 ma/1. 

Fluoride - Fluoride concentrations were determined during the 
late summer and early autumn of 1971. The concentrations were always 
less than 0.05 mg/1. 

Potassium - Potassium content in the water was undetectable 
the two times an analysis was made. 

Manganese - Manganese values were under 0.04 mg/1 when they 
were determined during the early summer, 1972. 

Filterable Dissolved Solids - Filterable dissolved solids 
ranged from 67.6 mg/l up to 432.6 mg/l with an average of 230.8 mg/l]. 

Specific Conductance - Conductance values showed little 
variation, ranging from 310 to 420 micromhos with a mean of 361 
micromhos. 

Biotic 

This site was surrounded by Myrtophyllum exatbescens Fernald. 
and Elodea canadensis (Michx.) Planchon beds. The Seirpus sp.bed was 
very dense. As this site was virtually ice free, many of the Seirpus 
stems persisted through the winter until late May of the following 
year. 

Site Wabamun Outlet (WO) 

Site WO, a heated site, was located immediately west of the 
mouth of the discharge canal (Figure 2). This site was surrounded 
by beds of submerged macrophytes, which during the summer were so 
dense that movement through them was all but impossible. For this 
reason, the site was not sampled during the first summer from July 


to early October. During the summer of 1972, Calgary Power harvested 
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many of these submerged macrophytes, thus sampling of the site was 
possible the second summer. This site was very shallow, approximately 
3/4 meters deep. 

Physical 

The temperatures at this site were generally isothermal 
(Figure 6), although the periodic influx of cooler water into the 
bottom 0.25 meters caused some stratification. Even with this influx 
of cooler water, the temperature never dropped below 8°c. The 
maximum temperature of 30°C was attained by mid-August. 

Turbidity values ranged from 2 JTU to 30 JTU with an average 
of 11.2 JTU. Of the four sites in the Wabamun area, this site had 
the largest range and the highest mean turbidity values. There was 
no seasonal trend evident. 

Chemical 

Dissolved gases 

Dissolved Oxygen - The dissolved oxygen levels at this site 
were normally above 100% saturation (Figure 6 ). Only once during 
the study did the level drop to 90% saturation. A maximum level of 
180% was reached during the late spring and mid-summer. 
As with site PA, the levels during the spring and summer were 
generally higher than during the autumn and winter. 

Free Carbon Dioxide -Free carbon dioxide concentrations varied 
from less than 0.1 mg/1 to 0.7 mg/1 (Table 4, Appendix A). No 
seasonal trend was evident. 

Dissolved solutes (Table 4, Appendix A) 


Hydrogen Ion Concentration - Tne pi varied from epgeile Week) 5 TAU 


with an average of 8.97. 
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Alkalinity - Total alkalinity varied from 128.0 mg/1 (15.6 mg/1 
carbonate and 112.4 mg/1 bicarbonate) to 197.5 mg/1 (47 mg/1] carbonate 
and 150.5 mg/1 bicarbonate) with an average of 167.8 mg/] (31.4 ma/] 
carbonate and 136.4 mg/] bicarbonate). Alkalinity was generally 
higher during the winter and early spring (November to April) than 
during the late spring and summer. 

Hardness - Total hardness (EDTA) ranged fron 88 mg/1 to 176 mg/1 
with an average value of 128 mg/1. 

Phosphate - Orthophosphate levels varied from 0.002 mg/1 to 
0.24 mg/] with a mean of 0.034 ma/l. No seasonal trend was evident. 

Nitrate - The nitrate concentration ranged from 0.02 mg/1 to 
0.06 mg/] with an average of 0.03 mg/l. During the tate autumn and 
into the winter the nitrate concentration increased untii late March, 
when the level dropped suddenly to summer ievels. 

Silica - Silica ranged from 1.5 mg/l up to 3.5 mg/1 with a mean 
of 2.3 mg/l. During the autumn and winter silica increased until a 
maximum was attained. The sudden drop in silica levels corresponds 
with the drop in nitrate. A second maximum occurred in late August, 
1972. 

Iron - Iron varied from 0.02 mg/1 to 0.08 mg/l] with a mean of 
0.05 mg/l]. 

Sulphate- Sulphate levels varied from 17 mg/1 to 34 mg/1 with 
an average of 25 mg/1. 

Chloride - Chloride ranged from 0.11 mg/1 to 8.77 mg/1 with 
an average value of 2.48 mg/1. 

Fluoride - Fluoride was determined once at this study site. 


The concentration during mid-October was less than 0.5 mg/1. 
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Potassium - Potassium analysis was attempted three times during 
the study. Each time the level of potassium was undetectable. 

Manganese - Manganese levels were determined twice. The 
concentration both times was 0.014 mg/1. 

Filterable Dissolved Solids - Filterable dissolved solids 
varied from 140.0 mg/! up to 393.8 mg/1 with an average of 243.6 mg/l. 

Specific Conductance - Conductance readings varied from 270 to 
420 micromhos with an average of 356 micromhos. There was no 
seasonal variation observed. 

Biotic 

This Setrpus sp.bed was immediately adjacent to beds of Potamogeton 
pectinatus L. Further out from the sedge bed were large beds of 
Elodea canadensis. The sampled sedge bed was very dense, thus trapping 
much floating debris, particularily floating macrophytes. Because 
of this entrapment, it was necessary to clear away the surface debris 
before collecting the samples during the summer. 

Sundance Sampling Stations 

The Sundance Power Station (Figure 1) became operational during 
the winter of 1970-71. Therefore, this study period encompassed 
many of the biotic transitional stages that accompanied the introduction 
of heated water into Goosequill Bay. This power station has a 
production capacity of 300 megawatts. The 
plant draws its cooling water from the southern shore of the lake 
proper, west of Goosequill Bay (Figure 7 ). The heated water is 
discharged into the southwestern section of Goosequill Bay. During 
the warm water months (April to October) the plant circulates 150,000 


imperial gallons per minute for cooling the condensors, while the 
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FIGURE 7. 


Map of Sundance Power Plant area showing location of sampling 
sites: Sundance Inlet (SI), Goosequill Bay (GB), and 


Sundance Outlet (SO). 
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winter rate is approximately one-half that amount. 

Unlike the Wabamun study area, the shoreline in this study area 
is still undeveloped. The shoreline in this area is under control 
of either the Paul Band Indian Reserve or Calgary Power Ltd. This 
area of the lake was seldom used by the boating or fishing public so 
the degree of direct human disturbance on the sampling sites was 
negligible. 

Three sampling stations were established in the Sundance Power 
Plant area (Figure 7). The control site SI was located on the Jake 
proper while both the heated site SO and the semi-heated site GB were 
Situated along the southern shore of Goosequill Bay. 
Site Sundance Inlet (SI) 

Site SI (Figure 7), the control site, was located 
immediately west of the intake canal alcng the southern shore of the 
lake proper. Due to this exposed location, the site experienced 
more wind-generated water turbulence than the two sites situated in 
Goosequill Bay. The sedge samples were collected approximately 5 
meters in from the edge of the bed where the water was about | meter 
deep. 

Physical 

During the study period there was no thermal stratification 
evident at this site (Figure 8). Autumn cooling was generally a 
continuous process from early September until freeze-up in mid- 
November. This cooling process was bisected by a two week period of 
stable temperatures during early October. The spring heating process 
was very rapid as summer temperatures were reached within a month of 


ice break-up. 
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Turbidity (Table 5, Appendix A) ranged from 4 to 18 JTU with 
a mean of 9 JiU. Although no definite trend was evident, it appeared 
that the turbidity was slightly higher during the spring and early 
summer than during the autumn. 

Chemical 

Dissolved gases 

Dissolved Oxygen - There was no stratification at this site 
except for a brief period during May when the water column was under- 
going rapid heating (Figure 8). Except for this period of 
Stratification when the oxygen levels ranged from 130% at the surface 
to 50% at the bottom, the saturation levels were around 100%. The 
low oxygen levels in tne deeper waters after ice break-up suggested 
that the oxygen levels in the water under the ice and near the 
sediment may have been low. 

Free Carbon Dioxide - Free carbon dioxide varied from 0.2 mg/] 
up to .1.8 mg/1. No seasonal trend was observed. 

Dissolved solutes (Table 5, Appendix A) 

Hydrogen Ion Concentration - The pH at this site ranged from 8.37 
to 9.27 with an average of 8.88. 

Alkalinity - Total alkalinity varied from 146.0 mg/1 (38.2 mg/1 
carbonate and 107.8 mg/1 bicarbonate) to 178.9 mg/1 (33.4 mg/1 
carbonate and 145.5 mg/1 bicarbonate) with a mean of 165.0 mg/1 
(22.2 mg/1 carbonate and 142.8 mg/1 bicarbonate). Total alkalinity 
values were very consistant through the study. 

Hardness - Total hardness (EDTA) ranged from 90 mg/1 to 
138 mg/1 with a mean of 124 mg/1. 


Phosphate - Orthophosphate concentrations varied from 0.002 mg/1 
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to 0.024 mg/] with a mean of 0.005 mg/1. No seasonal trend was 
evident. 

Nitrate - Nitrate nitrogen varied from 0.01 mg/1 to 0.05 mg/1 
with an average of 0.03 mg/1. No seasonal variation was noticed. 

Silica - Silica ranged from 1.2 mg/1 up to 3.2 mg/1 with a mean 
of 1.9 mg/]. There was no seasonal pattern evident. 

Tron - Ferrous iron varied from 0.02 mg/1 to 0.06 mg/] with a 
mean of 0.05 mg/1. 

Sulphate- There was little variation in sulphate concentrations. 
Sulphate ranged from 17 mg/1 to 32 mg/1] with an average of 26 mg/1. 

Chloride - Chloride levels ranged from 0.95 mg/i to 2.48 mg/l]. 
The average concentration was 1.58 mg/1. 

Fluoride - The fluoride concentration in the water was 
determined once during the study. The level was below 0.5 ma/]. 

Potassium - The potassium concentration was undetectable the 
two times an analysis was undertaken. 

Manganese - The two manganese concentrations determined in 
the early summer of 1972 were 0.025 and 0.050 mg/] respectively. The 
average value was below 0.040 ma/1. 

Filterable Dissolved Solids - Filterable dissolved solids 
ranged from 75.8 mg/] to 308.4 mg/] with an average of 224.9 mg/]. 

Specific Conductance - Conductance values showed little 
variation, ranging from 290 to 380 micromhos with a mean of 345 
micromhos. 

Biotic 

Like site WI, the sampled sedge bed at SI was large but very 


open. There were no other aquatic macrophytes growing among the 
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Setrpus stems. At the lakeward edge of the sedge bed, however, there 
were small open beds of Potamogeton natans L. 
Site Goosequill Bay (GB) 
Site GB was located close to the southern tip of Goosequill 

Bay (Figure 7 ). This site was very near the channel that connects 
the two portions of the original Goosequill Bay that was separated by 
the construction of a railroad causeway. The area now referred to as 
Goosequill Bay is that area of the original bay north of the causeway; 
tne isolated southern portion has no name. The sampled site averaged 
1.25 meters in depth. 

Physical 

This station had no thermal stratification except for a brief 
period during early July 1971 (Figure 9). The autumn cooling 
consisted of two periods (early to mid-September and mid- to late 
October).of rapid cooling separated by nearly a month (mid-September 
to mid-October) of constant temperatures. The ice at this site broke 
in late March, nearly a month ahead of the non-heated sites. Spring 
heating was a long (early April to late May) and deliberate process, 
perhaps due to this early ice break-up. The thermal effluent caused a 
slight increase in summer water temperatures of from 1° to 2°c. The shut- 
down of the Sundance Power Plant in late June and July caused a slight 
temperature reduction during mid-July. 

Turbidity ranged from 4 to 22 JTU with a mean of 11 JTU (Table 6, 


Appendix A). There was no seasonal trend observed. 


Chemistry 


Dissolved gases 
Dissolved Oxygen - Unlike the other stations, this site showed 


yamostigs alt 7 Ata ie linigc braboinadiont® eee tt hupseo0d 
hopriaern’ of? p. betaine? SAT as ide canien hemenaminmte 
Aah wl evatom @S.1 
Septewis 
Thinde wot dqssee notsenivhsqwte <lpmieae on Sed nobteda 2taT > 9° 
united vinitve ent 18 owt). Tee gti Vie eatadb bore 
odnl 09, -biim bine aeipatigad-Hiteh of ures) “ehotane dade bo-badetenga = | 
parmigd ge twee) ebneal eTivad vt te pngna wnat ataat Yo: redos30 ; 
awd athe aii 8 99) oft slides haath Madea! 
paingd -esthe MeSmait~ptach Sim? Vey ster sasfont 
vondsitiy “tonsa 0 ne GHBN sd & eew entseel 
5 basusa trawl ta Hemornt9 ant quelaand:aof (hee etait eg sub 'eqeenae 


~Sutte tt 13% of °F moat Yo esnutineqets “are name at apes Sgt 
aN oe ee 


beLYOG 


= 


: 
: 


7 a 
Fie ex bis2 


ZOjasq ox 


{Aq Od 


A ie 
- 
* F 
. oe © 
oa wag G7? 
a 


i 


i 


- 
_ 


. Hie var Duh to a 


. 
> 


7 


“PaPLOLPUL SL UBAOD Bdi 40 
pOludag ‘“UOLZRUNJeS aheJUsoUed se passaudxa aue uabAxo padLOSsip JO SYyza|dOS] *Z/6L ysnbny 


yBnouui LZ6L ALNC woud gO O3LS }e UabAXO PaALOSSLP pure aunzeiodwiay uazem UL Sabueyd | eUudseedS 


72 


ILE 


uoleunjes afieyuaoi0d 


-N3DAKO G3A10SS!0 


Do - BUNLVY3IdW3L 


(W)-H1d30 


(an 
Weta eeesik ; 


ee 
~ - 


stratification through much of the study period (Figure 9). The 
late summer and early autumn period was characterized by stratification 
with the surface waters being slightly above 100% saturation and the 
bottom waters well below. There was some evidence towards the end of 
the second summer that this stratification is a yearly phenomenon. 
Periodically through the late spring and early summer there was 
moderate inverse stratification. The early and mid-spring months 
were characterized by increasing orthograde oxygen saturation levels 
beginning at 50% saturation. There was also an oxygen stratification 
during mid-summer, 1972. Althouch this time span corresponds with 
the shutdown of the Sundance Power Plant, there is no evidence to 
suggest that these two events were more than coincidental. 

Free Carbon Dioxide - Free carbon dioxide ranged from 0.2 ing/L 
to 1.0 mg/L (Table 6, Appendix A). The levels of free carbon dioxide 
appeared to correspond with changes in pH. 

Dissolved Solutes (Table 6, Appendix A) 

Hydrogen Ion Concentration ~ The pH varied from 8.55 to 9.27 
with an average of 8.89. The pH decreased during the autumn until 
freeze-up. After the ice broke, the pH remained low until mid-July 
when it rose to reach a maximum during the months of August and 
September. 

Alkalinity - Total alkalinity ranged from 95.1 mg/l (3.2 mg/l 
carbonate and 91.9 mg/1] bicarbonate) to 173.8 mgf] (32.8 mg/] 
carbonate and 141 mg/] bicarbonate). The mean was 151.8 mg/] 

(37.6 mg/] carbonate and 114.2 mg/] bicarbonate). 
Hardness - Total hardness (EDTA) ranged from 92 mg/] to 140 


mg/1 with an average of 113 mg/]. 
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Phosphate - Orthophosphate concentrations varied from 0.002 mg/1 
to 0.21 mg/1 with a mean of 0.025 mg/1. No seasonal trend could be 
established due to the inability of the original method to detect 
phosphate concentrations lower than 0.05 mg/1. 

Nitrate - Nitrate levels ranged from 0.02 mg/1 to 0.006 mg/1 
with an average of 0.04 mg/1. Nitrate levels increased during the 
autumn until freeze-up. After the ice broke, the level remained 
high until late spring - early summer when it rapidly dropped to a 
summer minimum. 

Silica - Silica ranged from 0.6 mg/1 to 2.8 mg/1 with a mean 
of 1.9 mg/l. Silica levels remained high from late July until freeze- 
up. After break-''p, the level remained high until early May when the 
level dropped to a summer minimum. The jevel remained low until 
late July. The sudden decrease in silica occurred two weeks earlier 
than the decrease in nitrate. 

Iron - Ferrous iron concentrations, ranging from 0.02 mg/1 to 
0.10 mg/1 with a mean of 0.06 mg/l, also showed some seasonal 
variation. Iron levels were generally higher during the autumn and 
early spring. The decrease to the summer minimum was a gradual process 
while the increase back to autumn levels appeared to be more abrupt. 

Sulphate- Sulphate varied from 16 mg/1 to 38 mg/l with a mean 
of 29 mg/l. 

Chloride - Chloride ranged from 0.35 mg/] to 6.31 mg/l] with an 
average of 1.89 mg/]1. 

Fluoride - Fluoride levels were determined three times during 
the autumn of 1971. Each time the level was below 0.5 mg/1. 


Potassium - Potassium determination was attempted three times 
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during the summer of 1972. In each case, the potassium concentration 
was undetectable. 

Manganese - Manganese levels, like potassium, were determined 
three times during the summer of 1972. The average of the three 
readings was 0.036 mg/1. 

Filterable Dissolved Solids - Filterable dissolved solids varied 
from 152.9 mg/1 to 329.1 mg/1 with an average of 225.5 mg/1. 

Specific Conductance - Conductance levels varied from 290 to 
390 micromhos with a mean of 339 micromhos. 

Biotic 

Although this site was not as open as SI, there were several 
other aquatic macrophytes associated with the Setrpue stems. During 
late spring of the first year, Equisetum fluviattle was growing among 
the Setrpus stems. With the advent of summer the Equisetum disappeared, 
never to be seen again during the study - even during the late spring 
of the second year. WNuphar variegatum was growing among the Setrpus 
through most of the two summers encompassed by the study. Outside 
the sedge bed, there were large beds of Potanogeton Richardsonit 
(Benn. ) Rydb. 

Site Sundance Outlet (SO) 

Site SO was located immediately south of the mouth of the 
discharge canal (Figure 7). This site was surrounded by dense beds 
of submerged macrophytes. 

Physical 

This station was generally isothermal except for some 
stratification during February and March caused by an influx of 


cooler water in the lower 0.25 meter (Figure 10). Both autumn cooling 
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and spring heating of the water column were rapid processes. The 
temperature decrease in both October and April was caused respectively 
by the shutdown and then restarting of the second circulating pump. 
As mentioned previously, the Sundance Power Plant was closed down 
for repairs from mid-June to mid-July. This shutdown was shown by 
a decrease in temperatures at this site. 

Turbidity ranged from 1 to 26 JTU with an average of 19 JTU 
(Table 7, Appendix A). No seasonal variation was evident. 

Chemical 

Dissolved gasses 

Dissolved Oxygen - The oxygen levels at this site never reached 
the high saturaticn levels that were characteristic of the heated sites 
in the Wabamun area (Figure 10). The levels here never dropped below 
90% saturation and rarely below 100% saturation. During the summer of 
1971 the oxygen levels at the mouth of the canal reached a maximum 
of 130% saturation while during the summer of 1972 levels were around 
100% saturation. The highest oxygen levels were attained during 
late autumn and early winter. There was virtually no oxygen stratif- 
ication at this site. 

Free Carbon Dioxide - Free carbon dioxide varied from less than 
0.1 mg/] up to 1.1 mg/l (Table 7, Appendix A). There was no seasonal 
trend. 

Dissolved solutes (Table 7, Appendix A) 

Hydrogen Ion Concentration - The pH varied from 8.51 to 9.27 
with an average of 8.95. There was no seasonal variation observed. 

Alkalinity - Total alkalinity varied from 140.1 mg/1 (22 ma/1 
carbonate and 118.1 mg/1 bicarbonate) to 196.5 mg/l (44.4 mg/] 
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Carbonate and 152.1 mg/ bicarbonate) with an average of 167.9 mg/ 
(28.6 mg/ carbonate and 139.3 mg/ bicarbonate). Total alkalinity 
was generally higher during the winter months than during the summer 
months. 

Hardness - Total hardness (EDTA) ranged from 45 mg/l to 
152 mg/1 with an average of 116 mg/]. 

Phosphate - Orthophosphate concentrations ranged from 0.001 mg/} 
to 0.18 mg/] with an average of 0.033 mg/l. It appears that phosphate 
levels were higher during the winter than during the summer. 

Nitrate - Nitrate nitrogen ranged from 0.01 mg/l to 0.09 mg/l 
with a mean of 0.04 mg/l. During the late winter (February to April) 
the nitrate concentrations increased to reach a maximum in late 
March. During late April, however, this high level quickly dropped 
to the low summer levels. 

Silica - Silica concentrations varied from 1.03 mg/] to 3.4 
mg/1 with an average of 2.1 mg/1. Silica values generally increased 
over the ran to reach a maximum by late March. The level of 
Silica quickly dropped to a spring minimum and remained at this low 
level until August when a second maximum occurred. The spring 
decline occurred approximately two weeks before the decline in nitrate. 

Iron - Ferrous iron varied from 0.04 mg/l] to 0.10 mg/l with an 
average concentration of 0.06 mg/]. 

Sulphate- Sulphate ranged from 16 mg/l to 37 mg/l with a mean 
of 26 mg/]. 

Chloride - Chloride concentrations varied from 0.71 mg/l to 
8.00 mg/l with a mean of 2.30 mg/l]. 


Fluoride - Fluoride concentrations were determined twice during 
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the study. In both cases, the concentration was under 0.5 mg/1. 
Potassium - Potassium levels were determined three times during 
the study. Each time, the potassium concentration was undetectable. 
Manganese - Manganese levels in the water were determined three 
times during the summer of 1972. The average level was 0.046 mg/1. 
Filterable Dissolved Solids - Filterable dissolved solids 
ranged from 101.6 mg/l to 369.6 mg/l. with an average of 241.9 ing/1. 
There was no seasonal trend observed. 
Specific Conductance - Conductance values varied from 280 
to 400 micromhos. The mean was 354 micromhos. 
This sedge hed was immediately adjacent to dense beds of 
Elodea canadensis which made approach from the lake side extremely 
difficult. Like site WO, this sedge bed was very dense, which 


caused the entrapment of much floating debris during the summer months. 
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SUMMARY 
The seven sampling sites had similar physical and chemical 
regimes with the exception of temperature and dissolved oxygen. 
The dissolved oxygen saturation levels were generally higher at 
the heated sites than at the non-heated sites due to the extensive 


submerged macrophyte beds surrounding the former. 
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RESULTS 
[I Standing Crop and Seasonal Succession 

Site Sailing Club (SC) 

The epiphytic algal community at site SC was composed almost 
exclusively of diatoms. Most of the members of the Cyanophyta and 
Chlorophyta that were recorded were planktonic in origin, namely 
Anabaena Sp., Scenedesmus quadricauda and Pedtastrum boryanum. 

The chlorophyll a content reacned a small peak during late 
May, 1971, although the other two standing crop parameters showed no 
peak (Figure 11). The flora at this time was dominated by Diatoma 
elongatum (5.5 x 10° cells /m- host stem, 43% of the total population), 
although both Fracilarta capucina (1.6 x 10° cells/m host stem) and 
Synedra acus (0.8 x 10° cells/m host stem) were common. By early 
June both Diatoma elongatum and Fragilaria capuectna had disappeared 
while Synedra acus had declined to 50% of its previous population. 
During June, as the chlorophyll a content showed a decrease, the 
total cell numbers showed an increase, together with total cell 
volume,to reach an early summer peak. Achnanthes minutisstma (2.4 x 
10° weneyine host stem), Fragilarta construens var. venter (1.5 x 


gene Get 


10° cells/m- host stem), Gomphonema gracile (3.3 x 10 
stem), and particularly Gomphonema parvulum (6.7 x 10° cells/m° host 
stem) were responsible for the increase in total cell number during 
June. By early July a peak was reached in total cell numbers while 
the other two standing crop parameters showed a decline in population 
size. This peak in total cell numbers was dominated by Gomphonema 


8 


gracile (6.7 x 10 caller na host stems) as the other three species 


began ‘to decrease in numbers. During July Gomphonema gracile declined 
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FIGURE 11. 


Standing crop of the epiphyton at site SC expressed as per 
me Scirpus sp. stem from May 1971 through August 1972. 


Period of ice cover is indicated. 
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in cell numbers. There was first an increase in species diversity as 

no species assumed dominance, but then in late July Cocconets placentula 
rapidly became the most common species as the water temperature 
increased. By early August when a summer maximum in water temperature 
(200G) was attained, Coeconets placentula with 6 x 10° Asians host 
stem accounted for 52% of the total population. During July all three 
standing crop parameters showed a minimum. However, during August 

all three showed an increase in the standing crop; chlorophyll a 
content in early August, and total cell numbers and total celi volume 

in mid-August. During late August the decreasing water temperature 
corresponded to a decline in the importance of Cocconets placentula, 
C.placentula remained a common species until just prior to ice formation, 
when there was an increase in Achnanthes minutissima and Gomphonema 
gracile populations. Eptthemia turgida was first recorded in the popula- 
tion in late August and by late September had reached a peak of 2.2 x 


8 
cells/m* host stem. From late August until ice formation in early 


10 
November, Achnanthes minutisstma was the dominant species. The peak in 
Eptthemta turgtda, a large-celled alga, was primarily 

responsible for the autumn maximum in total cel? volume during tate 
September, a month after the autumn peak in chlorophyll a content 

and a month before the peak in total cell numbers. Ma:geotia sp. 

a filamentous member of the Chlorophyta, was briefly recorded in the 
population during late September, but in very small numbers. During 
October, Acimanthes minutisstma continued to increase in population 
size until a maximum of 2.3 x 10” cells/m* host stem was recorded in 


late October. This coincided with the previously mentioned autumn 


peak in total cell numbers. Other common algae during October included 
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Gomphonema parvulun, Synedra.acus,and Cocconeis placentula. By 
early November, the Setrpus sp. stems had disappeared. Ice formation 
Occurred; therefore, sampling was suspended for the winter. 

In 1972, Setrpus sp. did not appear until early June, a month 
later than in 1971. Perhaps this was partially responsible for the 
lack of a spring maximum in any of the standing crop parameters. 
Dtatoma elongatum was again the dominant species, although it 
appeared as thouch this diatom population was declining by the time 
the first sample was taken since Gomphonema parvulum and Achnanthes 
minuttssima,and Fragilaria construens var.venter together, accounted 
for over 25% of the total population. Also Fragilaria capucina 
the other spring dominant, was less than 5% of the total population. 
By mid-June, Diatoma elongatum had declined to less than 3% of the 
total population. At this time Gomphonema gracile was the most common 
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species with 7.8 x 10 cells/m host stem, while Gomphonema parvulum, 


Gomphonema intricatum and Fragtlarta vauchertae were also common. 
During July, Coeconets placentula increased in numbers until it was 

a major component of the population, accounting for 15 to 20% 

of the population (3.4 x er celis/m host stem), although Gomphonema 
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2 
gracile with 6.4 x 10° cells/m host stem remained the dominant 


Species. By early August Coeconets placentula had, as in 1971, 
assumed dominance, but by mid-August a decline in the population of 


Coeconeis placentula resulted in three species becoming dominant, 
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Achnanthes minutisstma (8 x 10 cal teins host stem), Cocconeis 


placentula (9 x 107 She host stem), and Gomphonema gracile 


7 


(14 x 10 Bel kevin host stem). By the end of August Cocconeis 


placentula and Gomphonema gracile had both increased in population 
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Sizeeowe se 10, cel lscanded4eoex ile cells/m¢ host stem, respecively) 


to share dominance while Achnanthes minutissima declined in importance 
as it showed a very small increase in population size (8 x 10/ to 
ex 107 cells/m host stem) during the same period. Unlike 1971, 
Eptthemta turgida was recorded during the entire summer, but never 
became a common species until late August. 

Site Wabamun Inlet (WI) 

During 1971 all three standing crop parameters showed a 
major spring peak at this site on May 11 (Figure 12). This large 
standing crop rapidly declined to a summer minimum which 
occurred by early June. The jength of this summer minimum varied with 
each of the standing crop parameters; total cell numbers remained low 
for two months, while chlorophyll a content began to rise inmediately, 
and cell volume recorded an intermediate summer minimum period. 
Chlorophyll a content showed a continuous, but irregular increase 
until a peak was reached in early September which was followed by a rapid 
decrease. A small peak occurred during late October and early 
November just before ice formation. Cell volumes showed minor 
peaks during late July, late September, and late October, but there 
was no distinct autumn maximum. The standing crop, as measured by 
total cell numbers, showed a small peak during late August and then 
a large peak in early November. 

The spring maximum was dominated by Diatoma elongatum, which 


10 Ped vis host stem accounted for 60% of the total 


10 


with 3.8 x 10 


population. Fragilaria construens var.venter (3.8 x 10 cells/m 


10 


host stem), SurtreZla ovata (3.1 x 10 cells/mé host stem} and 


Synedra acus (2.5 x 10° WAbgINe host stem) were common but none were 


7 1 digg 
b douwetete eaten one QenaDE ew tie: feh cated lnk 
aptat a2aT tat cpsld Nh Sg Sot ety fd tog patrqe sobem 
Hotdw ROMenth TMlun A Ot Hantlos yihiney govo.gnthasge 
W9)u hetrey punkebe atommelatl YooRydel ev? camuh xtra yd bevyuada 
vol bantam, 218dhion (has feted jeeeeanieg qi gnitiense ontt to:dage 
Usditbarnt «sty og egal stwasnns 5 Fiaieqorp fiiok whee  esnom owt tot 
tocob voi, cumon hi “Totes AIAN i hetrwOte ewiov MMsy Bre 
yeggvant veThigerh $08 «alettanos. -& bawoite aravaww gs Mylqorotdd 
bhqirs 6 gt beni Sri Ha ibndanePe Tie Wh ae. Sow ea. fhm 
elena ing aN Kae tne swag Heme A -s2peyaeb 
soni Banihe AAMT FAS LHOREAMNOT aot evobed seut; ssdmerol 
sett gud aa vant ul stat patub og 
SHY nantes metus Yont eh: on-20W 
reads ah ues nenepabibee kh 


¥ "_  .. 
be ree i 
= 
hes’ 
te 
neliigria pete 


. a 
pe a 
a ———— ae »® A — ——— a me he oe i + 


teow Veois 
eats aNTP } 


yates Jonas dpuotAs | IVET ysh mort mere fos 
J 7 " ‘toy ote a | 
a 2S Ba al ® ———— 9) ee oe ee 


“Yotel Vatume bsteathat 21 isveo a) to . 
1 re 


88 


FIGURE 12, 


Standing crop of the epiphyton at site WI expressed as per 
me Setrous stem from May 1971 through August 1972. Period 


of ice cover is indicated. 
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more than 6% of the total population. By late May, although there had 
been a rapid decline in the population of Diatoma elongatum (3.8 x 


10 10 eat iate host stem 


10 cells/m host stem on May li to 0.4 x 10 
on May 27), it still remained the dominant alga, accounting for 43% of 
the total population. During this decline in the population size of 
Dtatoma elongatun, there was an increase in the populations of 
Fragilaria vaucheriae (9 to 2 x 10° pala enc host stem) and Fragtlaria 


bee ae vey ictee aie 


brevistrata pede iis host stem). Epithemta 
turgida, Gomphonema parvulum, Synedra acus, and Oedogontum sp. were 
also common at this time. By early June a standing crop minimum 
occurred. This was caused by the disappearance of Dtatoma elongatum, 
Fragilarta vaucheriae,and Synedra acus and also a great decrease in 
the numbers of Fragtlarta brevistrata. In early June, Cocconets 
placentula and Gomphonema parvulum along with Gomphonema gracile were 
the most common species accounting for 12%, 20% and 26% of the total 
population, respectively. Gomphonema gracile was the only species 
that showed a rapid increase in cell numbers at this time as both 

the Coeconets placentula and Gomphonema parvulum populations changed 
very little from their late May levels. 

During July total cellnumbers continued to decline slightly, 
but both total cell volume and chlorophyll a content increased. This 
was probably due to an increase in the population size of the large- 
celled Epithemia turgida and Epithemia sorex along with Achnanthes 
minuttssima which assumed dominance in early July. At this time, 
the populations of Gomphonema gracile and Gomphonema parvulum had 


declined while that of Cocconets placentula changed only slightly. 


The Achnanthes minutissima population declined in late July (3.6 x 
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10° cells/m@ host stem) while the two Zptthemta species continued 
to show an increase in numbers, 7.5 x 10° LO 20x 10° esi host 


stem for Epithemia turgida and 2.5 x 10° to 13 x 10° 


pattems host 
stem for Eptthemta’ sorex. However in early August the populations 
of Epithemita turgida and E. sorex declined rapidly. This decline 
was shown by total cell volume but not by total cell counts or 
chlorophyll a content as they both showed an increase in standing 
crop at this time. The increase in total numbers was due to a rapid 


increase in the population of Achnanthes minutissima (1.5 x 10° 


Haye |e a! hs le 10° sae host stem) and to smaller increases 

Gomphonema gracile and Gomphonema parvulum. At this time Acianthes 
minutisstma accounted for 55% of the total population while Cocconets 
placentula and Gomphonema gractle each comprised 12% of the total 
population. During August the numbers of Gomphonema gracile increased 
rapidly while those of Achanthee minutitssima increased only slightly 
until by August 26 they each represented 38% of the total population 
Wiles 2 1X 10° cells/mé host stem respectively. Coeconeis placentula 
was still common at this time accounting for 9% of the total 
population. During September Diatoma elongatum reappeared although 

ijt was never a major component of the epiphyton during the autumn. 
Aci anthes minutissima and Gomphonema gracile remained the most common 
species through September, together accounting for 55 to 60% of the 
total population. Cocconets placentula and Eptthemta turgida were 
also common, although C. placentula decreased from 4.9 x 10° celis/me 
host stem to 2.5 x 10° cells/m host stem while £. turgida increased 


8 8 


TVONe + OX V0) Cells tOLo.4 Xa lu cells/m host stem. In early 


September Mougeotia sp. briefly appeared but not in large numbers. 
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During October and early November, Achnanthes minutissima became 

the dominant species, increasing in numbers from 1 x 10° patie ine 

host stem in late September to 10 x 108 cells/mé host stem in early 

November and from 44% to 77% of the total population. Through this 

period of decreasing water temperatures and decreasing day length, 

the other common species declined in numbers with the exception of 

Gomphonema gractle which showed an increase from 3 x 10° cells/mé host 

stem to 15 x 10° cells/m? host stem. Just prior to ice formation in 

mid-November, Stigeoelontum tenue was briefly recorded in the epiphyton. 
During 1972, the spring standing crop maximum was shown in 

total cell numbers but not in chlorophyll a content while total 

cell volume was intermediate, showing only a slight increase. This 

could have been caused by a dominance of Fragilarta capucina during 

1972 whicn has a much smaller chloroplast area per unit cell volume than 

Diatoma elongatun which was the only dominant during the spring 

maximum in 1971. The standing crop as measured by total cell numbers 


10 


was smaller in 1972 (5.1 x 10 pele tis host stem) than in 197] 


10 Eee tine host stem). During May, as the total population 


(6.3txAld 
was declining, Diatoma elongatum first shared dominance with Fragtlarta 
capuctna and then became the sole dominant by the end of the month 

as its population was declining slower than that of Fragilaria capuctina. 
In early June the most common algae were Achnanthes minutissima 


c cells/mé host stem), Diatoma elongatum (3.9 x 10° cells/m¢ 


(4.4 x 10 
host stem), and Eptthemta turgida (3.9 x 108 ACV host stem). During 
this time Gomphonema gracile was undergoing a period of rapid growth, 

By the end of the month Gomphonema gracile shared dominance with 


Achnanthes minutissima and by early July Gomphonema gracile was the 
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only dominant species with 4.5 x 10° cells/m host stem. During late 
July, however, there was a rapid growth of from 2 x 10° ebay a 10° 
cells/m® host stem in A. minutisstma which had become dominant at this 
time. A. minutisstma remained the most common diatom through the first 


half of August, although Rivularia sp. was the dominant algal species. 


Rivularta sp., which occurred only once during 1971, was reported 

in the population from late June through August in 1972. During August 
Eptthemia turgtda, and to a lesser extent, Epithemta sorex, experienced 
a rapid growth phase. £. turgida was dominant by the end of the month 


° cells/m host stem amounting to 26% of tne total population. 


with 4.6 x 10 
Achnanthes minutisstma, Coecconets placentula,and FRivularia sp. were 
also common at the end of August, the termination of the study. 

Site Point Alison (PA) 

Sampling commenced at the heated site PA in May 1971 as the 
spring maximum was beginning to decline toward a summer minimum 
(Figure 13). By early June this minimum, which remained until late 
August, had occurred. In late August there was a very rapid increase 
in standing crop size. This late summer/early autumn maximum was 
followed by just as rapid a decrease to pre-maximum standing crop 
levels. Two small autumn peaks in November and in December were 
Showed by both chlorophyll] a content and total cell numbers and to 
a lesser extent by total cell volume. The increase in standing crop 
during January and early February was registered by all three standing 
crop parameters. Chlorophyll a content attained a maximum in mid- 
February and then gradually declined, with a small peak in March, 
until a summer minimum was reached in late May. Total cell numbers 


however, continued to increase through February and March until the 
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FIGURE 13. 


Standing crop of the epiphyton at site PA expressed as per 


me Sctrpus sp. stem from May 1971 through August 1972. 
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first of two spring peaks occurred in mid-March. Total cell volume 
paralleled cell numbers, but the mid-March peak was very small while 
the second peak in mid-April was much larger. After this 
second spring peak in mid-April, total cell numbers decreased towards 
a summer minimum. Total cell volume, however, declined during late 
April but showed a large peak in early May. The summer minimum which 
commenced in late May, was shown by all three standing crop 
parameters. This minimum lasted until early August when chlorophyl] 
a content showed a marked increase which was at first paralleled by 
the other two parameters but towards the end of the month total cell 
numbers and total cell volume showed a slight decline while 
chlorophyll a content continued to increase. 
Fragtlarta capuctna was the most common species in early May 

as the spring maximum was beginning to decline with 9 x ies cells /in® 

host stem accouting for 41% of the total population. Other common 
algae at this time included Diatoma elongatun (16% of the total 
population), Fragilaria construens var. construens (19%), Fragilaria 
construens var. venter (10%), and Mougeotia sp. (8%). By late May 
the standing crop had declined significantly as ali three of the above 
mentioned Fragilaria spp. as well as Mougeotta sp. had virtually 
disappeared. Dtatoma elongatum was the dominant species during this 
period accounting for 23% of the total population even though it 


had declined from 36 x 108 


cells/m? host stem to 3 x 108 Gelis/m 
host stem. The other important species during late May were Cocconets 
placentula and Sptrogyra sp. Fragtlarta construens var. venter 
reappeared in June and by the middle of the month shared dominance 


with Cocconets placentula and Diatoma elongatum. Towards the 


end of the month, Fragilarta construens var. 
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venter was the most common species as the other two species had declined 
in population size. By mid-July Coeconeis placentula had replaced 
Fragtlarta construens var. venter as the dominant species (3.4 x 10° 
cells/m host stem, 24% of the total population). From mid-July 
until late October, with the exception of late August, Coeconets 
placentula was the most common species, often accounting for more 
than 80% of the total population. In late August, an influx of filamentous 
members of the Chlorophyta, Oedogonium sp. (17 x 10° cells) and 

Sptrogyra sp. (0.8 x 10” cells) and their associated secondary 

epiphytes, i.e. epiphytes growing attached to epiphytes, caused a 

large, late summer/early autumn standing crop maximum. The secondary 
epiphytes were dominated by Synedra pulchella. However, Cocconeis 
placentula was still a common species with 5.7 x 10° cette nie (12% 

of the total population). During early September this large 

population of Oedogontum sp., Sptrogyra sp. and associated epiphytes 


underwent a drastic decline. Oedogontum sp. dropped to 4 x 107 


7 


cells/m host stem, Sptrogrya sp. dropped to 19 x 10 cells/ me 


host stem, while Synedra pulchella disappeared entirely. Although 


Coeconets placentula experienced a 10-fold decrease to 5.2 x 10° 


cells/m¢ host stem, it accounted for 60% of the total population. 
In early October, Stigeocloniun tenue increased in population 
size and by the end of the month was the dominant 


) 


species (4.5 x 10 pele host stem) accounting for 70% of the 


total population. During early November Stigeoclonium tenue 


9 cells/me host stem, 


continued to increase until, with 20 x 10 
it accounted for 95% of the total population; however, by the end 


of the month it had completely disappeared. Cocconets placentula 
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again became the most common species (1.2 x 107 cells/m@ host stem), 
with the disappearance of Sttgeoclonium tenue. By late December it 
again became a minor part of the population when Stigeocloniwn tenue 
reappeared and became the most important species with 12 x 10? cells/m° 
host stem accounting for 80% of the total population. During January, 
Stigeoelontwn tenue decreased and by early February had disappeared. This 
decrease of S. tenue corresponded to an increase in both Dtatoma 
elongatum and Gomphonema olivaceum which had become the most common 


species (during February) (13 x 10° cells/mé host stem, 25% of total 


! 


population and 9 x 10 cells/m¢ host stem, 17% of the total 


population, respectively). Both Fragilaria capucina and Osctilatorta 
tenuts were recorded in the population in February. By mid-March the 


former was the dominant species, accounting for 49% of total population 


10 cells/mé host stem while the latter was one of several 


10 


with 47 x 10 


common species with 9 x 10 eelie inc host stem. The two other 


common species during the first of the two spring peaks in total cell 


10 


number were Dtatoma elongatum (7 x 10 cells/m¢ host stem) and Fragtlaria 


10 


vauchertae (6 x 10 cells/mé host stem). Fragilaria capucina 


remained the dominant species until late May and the onset of the 
summer minimum. The second peak in total cell numbers which occurred 


in mid-April was due primarily to large increases in both 


10 10 


one host stem from 2.2 x 10 
10 


Fragtlaria capucina (5 x 10 
Pelle noes oeten candice secre donee Ie lake 10. cecelis ima fost 


nN cells/m¢ host stem). After this second peak in 


stem from .5 x 10 
mid-April, the total cell numbers rapidly declined, culminating 
with the summer minimum in late May. The total cell 


volume peak in early May was not caused by the two major species, 
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Fragilarta capucina and Diatoma elongatun, as both were undergoing 
a rapid decline at this time, but rather to a sudden influx of 


? oem host stem). Dtatoma elongatum 


Sptrogyra sp. (1.1 x 10 
was the most common species, with 6 x 10° eats ine host stem, when 

the period of summer minimum began in late May. Zygnema sp. was 
recorded during late May but was never numerically important and had 
disappeared by early June. During the month of June Gomphonema 
gractle, Gomphonema parvulum,and Cocconets placentula were common; 
however, Sttgeoelontum tenue was the dominant species with 6.0 x 10° 
cells/m? host stem and remained dominant through late August and 

the termination of the study. In July and early August Coeconets 
placentula and Gomphonema gracile were common species. During mid- 
August when all three parameters were recording an increase in standing 
crop, Gomphonema gracile increased in population size until it shared 
dominance with Stigeoclonium tenue (2.9 x 10” cells/mm host stem and 
2R5 3X 10° cells/m? host stem, respectively). By the end of August 
whenthe chlorophyl1] a content continued to increase and total cell 
numbers and total cell volume decreased slightly, Sttgeoclontum 

tenue once again became the most common species (31 % of total population) 
while Gomphonema gracile had declined nearly 50% in population size. 
and accounted for only 18% of the total population. Gomphonema 
parvulum (18%) and Coeconets placentula (15%) were other common 
species. Both Oedogontum sp.and Spirogyra sp. were again recorded 

in the flora at this time, but not in large numbers. 

Site Wabamun Outlet (WO) 
At site WO the large spring peak had probably already occurred 


by the time sampling began in early May, 1971, since all three parameters 
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Showed a small standing crop (Figure 14). The major algae during 
early May were PPB ge ori: tenue (1.8 x ie cells/m host stem, 

35% of the total population) and Diatoma elongatum (1.5 x 10° cells/n® 
host stem, 29% of total population). By early June the population 

of Stigeoeclontum tenue had declined slightly but it accounted for 

51% of the total population since the total cell numbers had also 
declined. During May Coeconets placentula increased in numbers 

until by early June it was responsible for 45% of the total population, 
and shared dominance with Sttgeoclonium tenue. 

Sampling was suspended from late June through late September 
due to the inaccessibility Bette site. From early October, when 
Sampling again commenced, until early January, there was a minimum 

shown by all three standing crop parameters. Total cell numbers 
and chlorophyll! a content showed a rapid increase during January and 
February until a peak was attained in mid-March. However, total 
cell volume showed an irregular increase from January with a small 
peak in early February and the major peak in late March. This peak 
was followed by a period of rapid decline in total cell volume until 
late May when a second major peak occurred. heer the major peak in 
mid-March, chlorophyll] a content showed a rapid decline; only a small 
peak was recorded in early May when total cell weber treached a second 
‘major peak. During early June all three parameters recorded a summer 
minimum in standing crop. Both total cell numbers and 
total cell volume remained at this minimum through the termination 
of the study in late August; however, there was a rapid increase in 


the chlorophyl] a content during the month of August. [It reached a 


maximum at the end of the month. 
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FIGURE 14. Standing crop of the epiphyton at site WO expressed as per 


me Setrpus sp. stem from May 1971 through August 1972. 
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Coceonets placentula was the major species during the long 
autunin and early winter minimum, accounting for from 61% to 89% of 
the total population. Sttgeoclonium tenue declined very rapidly 
during October and had disappeared by early November. This suggested 
that it had reached a peak some time before October. From early 
November until early January when there was a rapid increase in 
standing crop; both total cell numbers and chlorophyll a content . 
Showed a gradual increase. The relative importance of Cocconets 
placentula declined during the initial stages of the rapid standing 
crop increase (89% to 35%) even though the population was increasing 


9 


(207.2% 10” Calls? torsn2el 0 pene Mar host stem) This was due to the rapid 


growth of both Gonmphonema gracile {1.8 x 10° cells /mé host stein) 


: cells /m* host stem). In early 


10 


and Gomphonema parvulum (Cl 5635010 
February, Gomphonema longtceps attained dominance with 1.3 x 10 
cells/m¢ host stem (28% of the total population) but my mid-February 


it had been replaced as the most common spectes by Fragtlarta 


10 


capucina (1.6 x 10 eee host stem, 23% total population) which 


had first appeared in the population in early February. Gomphonema 


Longtceps, while still a common species, had declined to 0.5 x 191° 


ealls/m host stems. Gomphonema oltvaceum reached its peak of 0.8 x 


919 


] ee hley ms host stem during mid-February. Fragtlarta capuctina 


Mo. celisvmarhostweteneeovro nthe 


was the dominant species (3 x 10 
total population) during the first spring peak in total cell numbers, 
while Rhotcosphenta curvata, Dtatoma vulgare, Stigeoclontum tunue, 


and Fragilaria vaucheriae were also common. During late March 


there was a large decline in the diatom population but this 


was largely offset by an increase in the chlorophycean population. 
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10 


Stigeoclonium tenue assumed dominance with 3.4 x 10 eee na host 


10 


stem, while Rhotcosphenta curvata with 1.7 x 10 cells/mé host stem 


10 cells/m@ host stem were the 


and Fragilarta capucina with 0.7 x 10 
most common members of the Bacillariophyta. However, by mid-April 
both Sttgeoclonium tenue and Rhoicosphenta curvata had virtually 


10 


disappeared as Fragtlaria capucina with 4.4 x 10 cells/mm? host stem 


(49% of the total population) and Fragtlaria vaucheriae with 1.4 x 


0 
ion cells/m* host stem assumed dominance. The second spring peak in 


ue cells/m® host stem) during early May 


total cell numbers (11 x 10 
was dominated by Fragilaria capucina (62% of total population) while 
Diatoma elongatum accounted for 16% of the total population. During 
late May, as total cell numbers were rapidly decreasing, total cell 
volume attained its second major spring peak. This apparent 
contradiction was caused primarily by an increase in the population 

of large-celled members of the Cniorophyta, Sptrogyra sp. Mougeotia Sp., 
and Zygnema sp. which more than offset the volume loss due to 

declining cell numbers. Fragtlaria capuctna, however, retained 


10 eel ine host stem (28% of the total 


dominance with 0.8 x 10 
population). All three standing crop parameters recorded a summer minimum 
which occurred in early June. At this time Zygenema sp., with 

24x 10° cells/m* host stem, accounted for 34% of the total population 
while Oedogontum sp. and Cocconets placentula were also common. 

By late June Stigeoclonium tenue had assumed dominance (45% of the 

total population) with 1.7 x 10° eaeyey” host stemwhile Cocconets 
placentula accounted for 29% of the total population. During July 


and August Cocconets placentula and then Sttgeoclontum tenue 


assumed dominance. 
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During early July Coceoneis placentula was the most common 
species accounting for 61% of the total population; however, by late 
July Sttgeoelontum tenue, which had increased in population size, 
shared dominance with Cocconeis placentula. Each species accounted 
for 40% of the total population. During August Stigeoeloniwn tenue 
was the dominant species until the later part of the month when the 
two species (C. placentula and S. tenue) again shared dominance. 

Site Sundance Inlet (SI 

During 1971 only total cell numbers showed a spring maximum, 
which declined until early July when a summer minimum began (Figure 
15). Both total cell volume and chlorophyll a content remained fairly 
constant until mid-August when all three parameters showed a rapid 
increase in standing crop size. Total cell volume attained the first 
of two autumn peaks in late August. By mid-September, when the other 
two parameters showed a peak, total volume was declining rapidly. 
Chlorophyll] a content dropped to minimum values after the peak in 
mid-September and did not register the mid-October peak in total cell 
volume or the early November peak in total cell numbers. 

The spring maximum in total cell numbers was dominated by 
members of the Bacillariophyta, particularly Diatoma elongatum and 
Achnanthes minuttssima. The former algae accounted for over 50% 
of the total population in May, even though its numbers declined from 


Losses 10? Cells tooo. 0.2% 10? 


cells/mé host stem during the month. 
The population of Diatoma elongatum continued to decline during June and by 


early July was present only in very small numbers. Synedra acus assumed 
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FIGURE 15. Standing crop of the epiphyton at site SI expressed as per 
me Setrpus sp. stem from May 1971 through August 1972. 


Period of ice cover is indicated. 
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dominance in mid-June with a peak of 1.5 x 10° celteyme host stem 
(19% of total population) although Diatoma elongatum along with 
Fragtlarta capucitna and Gomphonema parvulum were also common. By 
early July there were no species that contributed more than 10% of 
the total population. Among the more common algal species were 
Cymbella ventrtcosa, Melostra ambtgua, and Synedra acus. The large 
total cell volume peak in late July was caused by an influx of large 
celled members of the Chlorophyta. The most important species were 
Oedogonium sp. and Mougeotta sp. with population sizes of 5.6 x 10° 
and 1.0 x 10° cells/m host stem respectively. Oedogontum sp. 
accounted for 19% of the total population and Mougeotia sp. accounted 

for 4% of the total population. Zptthemta turgida, another large-celled 
algal species, was the most common diatom with 3 x 10° cells/m* 

host stem. During the early part of August, Oedogoniwn sp. and 
Mougeotia sp. virtually disappeared as Rivularia sp., A. minuttssima 

and Amphtpleura pellucida increased in numbers until each comprised 10% 

of the total population. The increase in total cell volume towards a peak 
in late August was paralleled by the other two parameters although they did 
not reach peaks until mid-September. In late August A. minutissima 


, fe) 9 


(4x0 cells /m* host 


cells /m* host stem), Rivularta sp. (1.5 x 10 


9 peter host stem) were the most 


stem), and Synedra acus (1.0 x 10 
common species. Mougeotta sp., which declined in late August, increased 

in early September until it accounted for 20% of the total population 
Wikia. cox 10° cells/m host stem. Both total cell numbers and chlorophyl1 
a content reached a peak at this time. By the end of September, Mougeotia 
sp. had declined to 1.1 x 10° cells/m host stem as Lyngbya ltmetteca 
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pee’ x 10° cells) and Achnanthes minutissima (2.7 x 10 cells/mé host 
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Stem) assumed dominance. Although the total cell numbers decreased 

only slightly there was a marked decline in both total cell volume 

and chlorophyll a content. The large celled algae (Mougeotta sp.) were 
replaced by cells with a much smaller volume (Achnanthes minuttssima 

and Lyngbya Llinnetica). This could have also contributed to the 

decline in chlorophyll a content as cells of Mougeotta sp. have a much larger 
chloroplast than do either Achnanthes minutissima or Lyngbya 

limmetica. During October no species comprised more than 10% of the 
population with the exception of Achnanthes minuttsst¢ma which with 


cells/m* host stem accounted for 14% of the total population 


besuxalo 
in the latter part of the month. In early November, as the water 
temperatures decreased from 5.6 to 258° Oh Mougeotta Sp. again became 
the most common species comprising 18% of the total population (3.1 

x 10° cells/m- host stem). Achnanthes minuttsstma (1.8 x 10° cells/ 
m? host stem), Lyngbya linmetica (1.5 x 10? cells/mé host stem), 
Rivularia sp. (1.1 x 10° cells /m@ host stem) and Anabaena sp. (1.1 

X 10° cells /m” host stem) were other common algae in early November. 
Ice formation in mid-November caused suspension of sampling at this 
Site. 

A spring maximum was registeredduring May and June 1972 in both 
total cell numbers and total cell volume, but as in 1971, chlorophy1] 
a content did not show this maximum. A minimum occurred in early 
July but lasted only until the middle of August when all three 
parameters showed an increase in standing crop. 

The spring maximum consisted of two peaks, one in early May 
and the other in early June. Dtatoma elongatum, although it 


decreased during May was the dominant organism ranging from 49% 
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(Ore x 10° awhile host stem) in early May to 37% (1.6 x 10° cells/m¢ 
host stem) towards the end of the month. The peak in early June was 
dominated by Fragilaria capucina (4.4 x 10° abvirw host stem, 34% 


of the total population) and Diatoma elongatum (3.8 x 10” 


cells /m 

host stem, 29% of the total population). Gomphonema gracile and 
Achnanthes mitnuttsstmqa were also common species during the spring 
maximum. After the second peak in early June the standing crop 
declined to reach a summer minimum in early July. During this decrease 


9 


Dtatoma elongatum with 1.6 x 10 a Kthie host stem (18% of total 


population) and Synedra acus with 1.0 x 10” celtemnc host stem (11% 

of total population) were the most common species. Through the summer 
minimum, no specics accounted for more than 10% of the total population 
Achnanthes mtnuttsstma, Amphtpleura pelluctda, Coeconets placentula, 
Diatoma elongatum, and Nitzchta fonttcola were common, however. In early 
August, Achnanthes minutissima with 9.0 x 10° Cal le/me comprised 

28% of the population as the standing crop began to increase. By 

the middle of the month Epéthemta turgida (5.7 x 10° cells/m* host 
stem) and Anabaena sp. (9.7 x 10° Catisyme host stem) had assumed 
dominance. These two species were also the most common species at 

the end of the month with 1.0 x 10” cells/mé host stem and 1.2 x 


cells /m? host stem, respectively. Other common algae during 


10 
this increase were Achnanthes minutissima, Amphipleura pellucida, 
Gomphonema gracile, Rhopalodtia gtbba, and Mougeotia sp. 

During the second summer there were far fewer chlorophycean and 
cyanophycean algae present. Mougeotia sp. was a major component of 


the flora during 1971 from mid-July until mid-November, while 


Oedogonium sp. was also recorded in small numbers during the same 
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period. Rivularia sp. was also a dominant species during August, 
1971. However, during the summer of 1972 Mougeotia sp,0edogonium 
Sp., and Rtvularta sp. were only rarely recorded and then in very 
smal] numbers. 
Site Goosequill Bay (GB) 
Two spring peaks, one in early May and the other in mid-June, 
were registered by total cell numbers during 1971, but only the peak 
in mid-June was shown by all three parameters (Figure 16). The 
chlorophyll a content never showed the summer minimum that was 
registered in total cell numbers and total cell volume; instead the 
chlorophyl1] a cortent showed an irregular increase all summer towards 
a peak in early September. After this peak, the chlorophyll a 
content rapidly declined and remained low until ice formation which 
occurred in mid-November. Total cell numbers reached a peak in late 
September and a secondary peak in early November. The latter peak 
was also recorded in total cell volume, which showed an earlier peak 
late August. 
The initial spring peak in total cell numbers was dominated 


10 peer na host stem (26% of the 
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by Diatoma elongatum with 2.2 x 10 


eocriaponiiat ion \eand Srasclercaicanucins wi thee ls 10,omcel sym 


host stem (25% of the total population) while Fragilaria brevistrata 


10 See host stem), Achnanthes minuttssima (0.5 x 


10 


Cistexe.C 


10 


10 cells /m* host stem), and Gomphonema parvulum (0.3 x 10 ~ cells/ 


me host stem) were also common. During late May, Achnanthes mtnuttsstma 
assumed dominance but by mid-June had been replaced by Tolypothrix 
ik ENS ime cells /m host stem, 40% of the total population), 


An influx of cyanophycean and chlorophycean algae was responsible for 
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FIGURE 16. Standing crop of the epiphyton at site GB expressed as per 
me Setrous sp. stem from May 1971 through August 1972. 


Period of ice cover is indicated. 
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the standing crop peak in mid-June. Other common algal species during 


this peak included Mougeotta sp. (0.4 x 1919 cells/m¢ host stem), 


Wp cells/in® host stem), Oedogonium sp. (0.2 


10 


Sptrogyra sp. (0.3 x 10 


10 cells/m- 


x 10 cells/m¢ host stem), and Diatoma elongatum (0.2 x 10 
host stem). These large-celled members of the Chlorophyta (Mougeotia sp. 
Sptrogyra sp. and Oedogontum sp.) were primarily responsible for the 
large cell volume peak at this time. In early July, Rivularta sp. 
assumed dominance with 1.3 x 10° cents ac host stem (33% of the total 
population). It retained a dominant position until its disappearance 


in early September. During the early part of July, Cocconets placentuia, 


Synedra acus and Fragtlarta vaucheriae were all common. However, by 

the end of the mouth only Cocconeis placentula was still common since 

Synedra acus had disappeared and Fragtlaria vaucheriae had declined to 

less than 5% of the total population. During early August Coeconeis placentula 
increased in population size until it shared dominance with Rivularta SDs 

each with 1.3 x 10° cells/mé host stem. During the latter part of the 

month there was a three-fold decrease in the Cocconets piacentula 

population, which coincided with a rapid growth in Lyngbya limnetica. 

Lyngbya limnetica together with Rivularia sp. were primarily responsible 

for the increase in the standing crop as measured by all three 


9 


parameters, with 2.9 x 10 pelea host stem and 2.4 x 10° pedie dns 


host stem, respectively along with smaller populations of Achnanthes 


3 cells /m host stem) and Gomphonema parvulum 


minuttssima (1.2 x 10 
(Ue lax 10° cells/m* host stem). In early September, during the 
chlorophyll a content peak, Achnanthes minutisstma (Seas ax 10° cells/ 
me host stem), Osctllatorta amonena (2.1 x 10° cells/m? host stem) 


and Fragtlaria vaucheriae (1.3 x 10° cells/in@ host stem) were the 
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most common species. During the latter part of the month total cell 
numbers reached an autumn maximum with Ne onne o minuttsstma 

(18 x 10? canlsying host stem, 33% of the total population) and 

Lyngybya limnetica (13 x 10° generar host stem, 24% of the total 
population) becoming the dominant species. During October, as all three 
parameters showed a decline in standing crop size, Achnanthes minuttsstma 
increased in dominance from 35% of the total population during early 
October to 46% of the total population in late October, although it 
decreased in total numbers. Bulbochaete sp. was present throughout 
October, although it never became a common member of the population. 

The standing crop peak in early November was dominated by Achnanthes 
minuttsstma with 7.4 x 10? celle im host stem (24% of the total 
population), Diatoma elongatum with 3.4 x 10” cells/m@ host stem (11%) 


9 eve Nc host stem (15%). 


and Fragtlaria vaucheriae with 4.5 x 10 
In 1972 a large spring maximum which decreased to a minimum in 
early June was recorded by all three standing crop parameters.. Total 
cell numbers remained low after the spring maximum through August. 
However, there was a rapid increase in chlorophyll a content during 


August. Total cell volume showed no distinct trend but rather 


fluctuated with peaks in late June, mid-July, and late August. 


In early April 1972, Draparnaldta glomerata was the dominant 


10 


species with 10.8 x 10 cells/m host stem (32% of the total 


population) but by the end of the month had declined to 6 x 19!° cells 
Jim host stem. Fragtlaria capucina, which accounted for 16% of the 
population in early April, became the cominant species in the latter 


2 
part of the month (10 x 1910 cells/m host stem, 27% of the total 


population). Other common algae during the large spring peak in April 
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were Cymbella caespttosa, Dtatoma elongatum, and Fragtlarta vauchertae. 


During May, all three parameters recorded a rapid decline in standing 


10 


crop with total cell numbers declining from 26 x 10 cells/m¢ host 


10 


stem in early May to 2 x 10 cells/mé host stem in late May. Cymbella 


caespttosa reached a maximum in early May and assumed dominance with 


10 


18 ¥P10 ped levying host stem (30% of the total population), while 


Fragilaria eapucina (3.9 x 10/9 cells /m* host stem), Diatoma elongatum 


10 eatne ine host stem), Fragtlaria vauchertae (1.9 x 1919 


10 


(2e Tax. 10 
cellsym host stem), and Draparmaldia glomerath1.5 x 10 cells /me 

host stem) were also common. The rapid decline in cell numbers during 
fay was caused primarily by the disappearance of Draparnaldia glomerata 
and the large drop in the population size of Diatoma elongatum (3 x 


10? eel leven host stem) and Fragtlaria vaucheriae (2 x 10° 


cells/mé 
host stem). Fragilaria capucina assumed dominance (43% of the total 


population) at this time with a population that was less than 1/3 


10 


Of its former size (1.1 x10 cells/m* host stem). This decline 


continued into early June as the total population decreased to 6 x 


9 peyhie host stem, with Fragilaria capucina accounting for 60% 


10 
of the total population. By late June, Fragilaria vaucheriae assumed 
dominance while spring dominants, Cymbella caespttosa, Fragilarta 
_capucina, and Diatoma elongatum disappeared. In late July, 


9 US ae host stem), 


Stigeoclonium tenue (1.5 x 10 
and Coeconets placentula (1.1 x 10° celisyine host stem) became the 

most common species. The latter species had been present in small 

numbers since ice break-up. Total cell numbers decreased 

Slight ly during August although both total cell volume and 


chlorophyll a content registered marked increases. In early August 
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Rivularta sp. and Cocconets placentula were the dominant species 

(9.8 x 108 cells/m¢ and 8.5 x 10° celis/m host stem, respectively) 

as Stigeoclontun tenue declined, disappearing by mid-August. en 
mid-August Cocconets placentula and Eptthemia turgida, which had been 
recorded in the flora in small numbers since June, together accounted 
for 70% of the total population (8.4 x 10° cells/mé host stem, 
respectively). These two species declined in population size towards 
the end of August as Rivularia sp. again became the dominant species 
(6.0 x 10° eet leyme host stem, 27% of the total population). 


8 pelts ine host stem) and Gomphonema gracile 


Sptrogyra sp. (2.2 x 10 
(Pape y 10° cells /m- host stem) along with Coeconets placentula 

2 8 
(4.7 x 10° cells/m* host stem) and Zpithemta turgida (3.0 x 10° cells/ 


fa OTe 
m host stem) were also common at this time. 


Site Sundance Outlet (SO) 


By late June, 1971, a spring maximum as shown by chlorophyll a 
content and to a lesser extent by total cell volume and total cell 
numbers had disappeared (Figure 17). The summer minimum continued 
until early September when a small peak was yegistered by chlorophyll a 
content; however, the peak was not registered by either of the other two 
standing crop parameters. An autumn peak was recorded in total cell volume 
and paralleled by the other two standing crop parameters in early 
November. By mid-November both total cell volume and chlorophyll a 
content indicated a decrease in standing crop size although total 
cell numbers remained high. In late November a winter minimum occurred, 
which lasted until mid-March, when the first of two spring 


peaks was recorded by all three of the standing crop parameters. 
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FIGURE 17. Standing crop of the epiphyton at site SO expressed as per 


2 
m Scirpus sp. stem from May 1971 through August 1972. 
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The second peak, however, was shown at a different time by each of 
the three parameters. During late April total cell numbers attained 
a peak, when total cell volume was still increasing and 
chlorophyil a content was declining. Two weeks later, 
in early May, total cell volume peaked when total cell numbers were 
dropping and chlorophyll a content had reached a minimum. During 
late May chlorophyll a content peaked while both total cell numbers 
and total cell volume were dropping rapidly. All three standing 
crop parameters showed a summer minimum beginning in early June. 
During August both chlorophyll a content and total cell volume 
Showed an increase in standing crop, although total cell numbers 
showed no increase. 

The small maximum in May 1971 was dominated first by Sttgeoelontum 


2 cells/m* host stem, 62% of the total population) and 


9 


tenue (9.9 x 10 
then by Dtatoma elongatum (5.0 x 10 aaiigiit host stem, 38% of the 

total population) towards the latter part of the month when Stigeoelonium 
tenue disappeared. During mid-June, ronnie gracile assumed 

dominance (22% of the total population) with 1.7 x 10” cells/m? host 
stem, even though it had not been recorded in the population during 


2 


May. Gomphonema parvulum with 1.1 x 10 cells/m host stem and 


9 


Anabaena sp. with 1.2 x 10 cells /m host stem were common in June. 


By early July, Cocconeis placentula (3.6 x 10° cells/m host stem) 


9 ane host stem) as the 


had replaced Gomphonema gracile (1.1 x 10 
most common species, accounting for 58% of the total population. During 
late July and August Cocconets placentula accounted for 81% to 

91% of the total population. In early September Coceonets placentula 


declined in importance although it remained the dominant species 
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(Dox 10° cells /m® host stem, 45% of the total population), as 


8 


Gomphonema gractle (3 x 10 cells/mé host stem) and Sttgeoelontum 


8 cells/mé host stem) became other common algal species. 


: 


tenue (6 x 10 
Although the total cell number doubled from 2.2 x 10 eet ne host 

Stemi tor4. Gx 10° cells/m? host stem during mid-September, the 

relative importance of the more common species remained virtually 

unchanged. In early October there was a decrease in standing crop 

as Sttgeoelontum tenue disappeared and Gomphonema gracile decreased 

to less than 5% of total population. During this period, Cocconets placentula 


8 eee host 


accounted for 77% of the total population (6.5 x 10 
stem). During mid-October all three parameters showed an increase 
in standing crop size with a peak in early November. Cocconeis 
placentuta with 6.8 x 10° ced suns host stem (35% of total population) 
and Gomphonema gractle with 7.2 x 107 cells/mé host stem (36% of 

total population) were the dominant species during this peak. By 
late November Gomphonema gracile had assumed sole dominance (2.2 x 


9 


10 cells/mm host stem, 44% of the total population) although 


Cocconets placentula remained an important member of the flora 


é 


(de Gax 41.0 cells /mé host stem, 32% of the total population). During 


January, Rhotcosphenta curvata increased rapidly in population size 
and by February 1 accounted for 51% of the total population with 


cells /m host stem, having replaced Gomphonema gracile as 


1 Card XEN 
the dominant species. During February and early March there was a 
rapid increase in all three standing crop parameters with total cell 
numbers and total cell volume reaching the first of two spring peaks 

on March 12. The increase was caused by a rapid growth of Osetllatorta 


10 


rubescens (4.1 x 10 cells/m* host stem, 29% of total population) and 
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Melostra vartans (3.6 x 10 delenit host stem, 26% of the total 


population). Although Rhoicosphenta curvata had increased to 2.2 


g 10 Gailils ma host stem, it had declined to 16% of the total 


10 


00] 


population. Diatoma wigare (1.5 x 10 cells/m* host stem) and 


10 eels fina host stem) were also 


Fragtlaria brevistrtata (0.9 x 10 
common during this mid-March peak. There was a sharp decline in the 
total cell numbers and total cell volume during late March and early 
April while the chlorophyll a content had declined only slightly. In 


10 caTisyne host stem was 


early April Melostra vartans with 1.9 x 10 
the most common species (34% of the total population), as Osctllatorta 
rubescens decreased to less than 2% of the total population. During 
late April total cell numbers reached a peak as total cell volume was 
increasing but chlorophyll a content was declining. Fragilarta 
capucina,which was first recorded in the population in early April, 


10 cells /me host stem, 38% of the 


10 


was the dominant species (6 x 10 


total population) while Diatoma elongatum (3.2 x 10 cells/mé host 


10 cells /mé host stem) were also 


stem) and Diatoma vulgare (1.4 x 10 
common at this time. In early May total cell volume reached a second 
spring peak although total cell numbers were declining and chlorophy11 
a content was at a minimum. Although Fragtlarta capuetna and Dtatoma 


10 beta Sin host 


elongatum were the dominant species with 2.4 x 10 
stem, the increase in cell volume was attributed to an influx of 
Oedogontum sp. (4.1 x 10° cells/mé host stem), Spirogyra sp. (3.0 x 
10° cells/m* host stem) and to a lesser extent Cynbella caespttosa 
(deex 10” cells/m host stem) and Synedra pulchella (3.7 x 10” cells/ 


me host stem). In late May chlorophyll] a content reached a maximum 


while both cell volume and total cell numbers were declining towards 
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the summer minimum. The most common algal species were Diatoma 
elongatum with 9.1 x 10° saline host stem (31% of the total 
population), Cymbella caespttosa with 3.2 x 10° calle ime host stem 

(11% of the total population), and Fragilarta ecapuctna with 2.9 x 

10” cells/m host stem (10% of the total population). All three 
standing crop parameters showed the summer minimum occurring in early 
June. During the 1972 summer minimum as with the summer minimum in 197] 
Cocconets placentula was the dominant species accounting for 

39% Gin 6) to 67% (17 July) of the total population, while 

Gomphonema gractle was the other common species (19% on 20 June 

to 34% on 4 July of the total population). During the month of 

August both cell volume and chlorophyll a content showed an increase 
in standing crop although tctal cell numbers remained low. The 

rapid increase in these two paramenters corresponded to an increase in 
Oedogonium sp. and Spirogyra sp. which snared dominance with Coeconets 


8 2 
cells/m host stem, 


placentula by the end of the month with 5.5 x 10 
sh Spb. 108 celis/m® host stem, and 6.1 x 10° elie ya host stem 
respectively. 
II. Calculation of the Standing Crop 

Both monthly and yearly (September, 1971 to August, 1972) means 
were calculated for each of the three measured standing crop parameters 
(Table 7, 8, 9). The two stations affected by the thermal discharge 
from the Wabamun Power Plant had mean yearly standing crops ranging 
from five times (cellvolume PA: WI) to nine times (chlorophyll a 
content PA: WI and WO: WI) greater than the undisturbed control site 
WI. The undisturbed control site was from 3 times (chlorophyll a 


content WI: SC) to 5 times (total cell numbers WI: SC) greater 
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than the disturbed control site, indicating that human activity 
greatly reduced the epiphyton standing crop. 

The greater mean yearly standing crop in the heated zone 
was also evident in the Sundance study area, 
with the heated site having a yearly mean of from 4 times (chlorophy11 
a content SO: SI) to 16 times (total cell volume SO: SI) greater than 
the non-heated site. The semi-heated site, GB, generally showed inter- 
mediate values with the exception of total cell numbers. The yearly 
mean was larger for GB than for the heated site SO, due primarily to the 
massive April 1972 population 4t the former. 

The monthly standing crop means indicated that the populations 
in both the heated and non-heated sites were similar from May through 
October. The great difference in the mean yearly standing crop between the 
heated and non-heated arte was due to growth during the winter in the 
former while the the latter were under ice. 
III. Relationship between Temperature and some of the Common Species 

Many of the common species displayed a preference for either 
the ambient or the heated water sites. Several of these species 
were compared with corresponding water temperatures to observe any 
temperature-population correlations. 

Achnanthes_mtnutisstma 

A. minutissima (Figure 18) was a common member of the flora in 
the unheated sites, generally accounting for more than 10% of the 
total population. After a brief spring peak following ice break-up, 
the population showed an irregular increase until just prior to ice 
formation when the population reached its greatest size. A. minuttissima 


Showed a massive spring peak and then a smaller peak in the late 
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Heated site 
(PA) 


FIGURE 18. Relationship of Achnanthes minutisstma seasonal periodicity 


to water temperature at a heated and a non-heated site. 


Non-heated site 
(WI) 


Temperature -°C 
©- -0 


Tempe 


o- -@ 


rature-°C 


Cells x10° 
VV 


9, 760 


40 


20 


Cells «40° 


ricaa@s, me +e La hg ws pi Cees 


oer Mapes Bo: Vee Eae hon nated site. 


: > 7 
. oe he Sa Ten a0 
’ - 


; aoe 


130 


Summer/early autumn in the heated water. During the rest of the year 
the population was either very low or had disappeared entirely. The 
temperature of 25°C appeared to be the upper tolerance limit of this 
Species. There also appeared to be a minimum level of daylight 
necessary for growth as this species was not present in the heated zone 
during the months of December and January, although the water 
temperatures were well within the growth range. 

Eptthermta turgtda 

E. turgida (Figure 19) was also a major component in the flora of 
the unheated sites. Although this species was present through the 
entire open water period, it only reached a peak in late summer or 
early autumn. This species was recorded infrequently in the 
heated sites. Temperatures above 2076 appeared to be detrimental to 
the growth of 2. turgida. 

Mougeotta sp. 

Mougeotta sp. at the non-heated station SI was an important 
member of the epiphyton from late July 1971 until ice formation in 
mid-November (Figure 20). There were two peaks in total cell numbers 
during this time, one in early September and the other in early 
November. In 1972 this species was first recorded in mid-July but 
remained a minor portion of the total population until late August 
when it showed an increase in cell numbers. This species was only 
infrequently reported in the Wabamun area control sites, but again 
only from late July until ice formation. The most noticeable effect 
of heated effluent on this species was a seasonal shift in occurrance. 
In unheated sites this species was confined to the late summer and 


autumn months, while in the heated zones it occurred only during the 
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FIGURE 19. Relationship of Eptthemta turgida seasonal periodicity to 


water temperature at a heated and a non-heated site. 
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FIGURE 20. Relationship of Mougeotta sp. seasonal periodicity to water 


temperature at a heated and a non-heated site. 
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spring. As with Eptthemia turgida, temperatures above 20°C appeared 
to have a detrimental effect on Mougeotta sp. 

Oedogonium sp. and Sptrogyra sp. 

These two filamentous members of the Chlorophyta are discussed 
together due to the great similarity in their periodicity (Figure 21). 
Both species were more prevalent in heated water, with Oedogontun sp. 
being the more common of the two species. Oedogontwm sp. occurred in 
the heated zone through the entire year except for mid-winter (December 
and January) and mid-summer (July and early August). The mid-winter 
absence could be due to the limited amount of light at this time. 

The mid-summer absence, however, was probably caused by competition 
from surrounding niacrophyte beds for available light and nutrients 

as Oedogonium sp. was present during mid-summer at site GB, a partially 
heated site which was not surrounded by extensive macrophyte beds. 
During the year there were two peaks, one in the spring and the other 
in the late summer or early autumn. Sptrogyra sp., although much 

less common, displayed a similar distributional pattern with a peak 

in the spring and again in the late summer/early autumn, the latter 
only observed at the heated Wabamun Station (PA) in 1971. 

There was an increase in Sptrogyra sp. during August, 1972, so 
it may be possible that the lack of the late summer/early autumn 
peak in 1971 was a time lag factor similar to that discussed by Cairns 
et al. (1972). This time factor is the period from when a pollutant 
enters the system until the individual species react to the pollutant. 
There were two distinct spring Sptrogyra sp. peaks, but both were very 
close together and so were considered part of one large spring peak. 


Sptrogyra sp. was never recorded in the unheated sites. Both species 


beeauseth sm anytgonoldd, sat Ye 2yadwun dvotnwus th ont 
(1S aol?) witsivornaq 4bsitt wt adivettnite 2e0v— raowe st orb 
qe eee Wty ai Acari aalvits ‘sv0n ova stooge 
At bevikpon .az reksiegates aboahd!ioha ata to «oemon arom ong 
yedn290) vodolwebte Yo? Sfooxe Veay, sittin edt Mguoidt snos bed 
soinivebin od? .(taugud yOvee Gap yTwh) sammee-bim bas (qvewnat 
contd 21) Se SMQIT Vo Sneete edit se ef sub 9d bfuos sons: | 
noistinymas ye befudo QTRas Saw sevsgod pesnonds ont : 
ushigun- bas ict] eidelTaé¥s wot. eed sdyriqmonu pntbmuoraie mont 
ulfetiues 6 00 efte an) vemmzehita anit tneesig caw +52, rconogobs 8 di 
, thet ehyigorony av bedtactna uit Dehn werden egw sotdw efte bajeed 
isto aff ben ort free sett wit ano ,elecq. owt chew sion? vooy std eniyud 7 
Aa renolits ..q2 eegeelak euivs fee "0 ee 
deny & iziw mvetien Iqnoliudivielb vel tite & boystqath shommoa 
sstas! of? .tmusun YPyas\ronmi2 a3ef ond at wings bas pniiqe oft oh 
INU AF (AR) Noksear2 runsdsl batiegh ody 46 bevisede | 
oe , SOF ,Fegul gnieh', 192 egg nt seebwont mg: ab sve 4 
wiser eeaommus sigh eft To dost oft: siadsithinnl 
amin yd Dsowuse tt aomhyad vaFhite wncaut got awk «ao (Tel At 
doaaut tog. sahil ator. oha: at wpa eats a to 
ee PSE 
way sian td nt ogee nC een 
doen. antrape spvet ona: Na 260) Saved Fano. at 


aeiveqe ated san ele aa 


af say ae 


Coble «10° 
4 Doedogenium 
e-« Spiregyro 

15 


a 
R . 
‘ : 
= ve - ( ae 
: Pe ~ <-> % F; \ “) 50 
“st bet i rie 
ga” | , f : 25 
7 /~h i 
, We ; ca ff 
> 2 ea parey YN 
Papas 84 
a Ley ae ‘ 
- PP ar oG2 srg: bein .g2 mubmegchad to gttenoifsiak 1S 3AvalF 
PT) 4 i] 
| <<" beebetsen 6 ts owlsis9Ned yotuw of yJtoTboheqg Celts «10 
a im Ayense | Mer) Oodegentum 


0h | atte beatport % 
i; oe 


. i ; o”" $0 ’ 

7 - aie al 
dian 

n a 7 


136 


Heated Site 
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FIGURE 21. Relationship of Oedogonium sp. and Sptrogyra sp. seasonal 
periodicity to water temperature at a heated and a non- 


heated site. 
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grew well between 15° and EO Gy although Oedogontum sp. did grow below 
this range. 

Sttgeoclontum tenue 

S. tenue (Figure 22) occurred primarily in the heated zone and 
only infrequently in the non-heated waters. This species was most 
common during late autumn and mid-winter and again in mid-summer. 
During the entire study period, this alga was primarily in a 
parenchymatous juvenile stage, only infrequently was it reported in 
the more familiar filamentous stage. S. tenue grew equally well at 
low (1-10°C) as at high (20°-30°C) temperatures but only at the heated 
Sites. 

Coceonets placentula 

C. placentula (Figure 23) was present at all the sites throughout 
the year. However, the populations were much larger and composed a 
larger percentage of the total population in the heated zone. In the 
heated waters, although this species was present in large numbers 
during the winter and spring months, it was a more important member 
of the flora in the summer and autumn when it accounted for upwards of 
50% of the total population. During the summer and autumn months 
C. placentula was rarely over 10% of the total population in the 
unheated waters. The one exception was site SC where, from mid-July 
until ice formation, this species accounted for from 18 to 45% of 
the total population. The reason for this exception could be the 
greater turbulence at site SC. This species grew well at all temperatures 
from 1° to 30°C. 

Gomphonema_gractle 


This species was also reported at all the sites throughout the 
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FIGURE 22. Relationship of Stigeoclontum tenue seasonal periodicity 


to water temperature at a heated and a non-heated site. 
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FIGURE 23, Relationship of Cocconets placentula seasonal periodicity 


to water temperature at a heated and a nov-heated site. 
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year but was most commen in the heated water (Figure 24). During 
the summer and early autumn G. gractle was often one of the more 
common species in the heated zone but it was during the late autumn 
and winter that it attained the largest populations. From 
late October until late March this species ranged from 18 x 10° to 
tye ys 10° cells/m host stem while the maximum summer population was 
HT 10° cells /m? host stem in the heated water. The population of 
this species in the unheated water seldom surpassed 10 to 12 x 10°cel1s/m 
host stem although it was a common species during the summer and early autumn. 
Gomphonema gractle grew well at temperatures below ARG 
Gomphonema_parvulum 
G. parvulum (Figure 25) displayed a distribution pattern very 
Similar to that shown by Gorphonema gracile. The population was 
the largest during the autumn and winter with a major peak of 37 x 10° 
cells/m host stem in early November in the heated sites. In the unheated waters 
there was a small peak immediately after ice break-up in early May 
and another in early June. There were other minor peaks during the 
late summer and in early November, just before ice formation. Although 
this species was found at all temperatures during the study, it 
appeared to grow best at temperatures below 20 Ge 
Ditatoma_etongatum 
D. elongatum (Figure 26) was a cold water species, being 
restricted to water temperatures below 20°C, but at the same time was 
an important algal species in the heated sites. In the heated waters 
this species was generally confined to a period encompassing the 


months of February, March, April and May, although the population during 


these months was very large. It was infrequently recorded in the 
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FIGURE 24 Relationship of Gomphonema gracile seasonal periodicity to 


water temperature at a heated and a non-heated site. 
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FIGURE 25, Relationship of Gomphonema parvulum seasonal periodicity to 


water temperature at a heated and a non-heated site. 
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FIGURE 26. Relationship of Diatoma elongatum seasonal periodicity to 


water temperature at a heated and a non-heated site. 
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heated sites during the autumn. In the unheated water, however, besides 
the large spring peak, there was a smaller but distinct peak in the 
autumn, just before ice formation. The spring peak in the unheated 
Sites was generally much smaller than that in the heated sites, perhaps 
due to the much shorter period of open water,as the populations in 
both the heated and unheated sites declined at the same time. 

Fragtlarta_ capucina 

This species (Figure 27) was also restricted to the Spring 
months of the year, occurring during the months of February through 
early May. F. capuctna was usually the most common species during 
the spring peak at all sites. As the period of open water was much 
Shorter in the non-heated sites, the populations were generally smaller 
than those in the heated sites. As with Dtatoma elongatum, this 
species declined at all sites at the same time. This species was not 
recorded when the temperature was above 2050 


Fragtlarta vauchertae 


F. vauchertae (Figure 28) was also considered a spring species 
although it was found irregualarly throughout the year at all sites 
in relatively small numbers. The spring peak was larger at the heated 
sites. This was due to the ice-free areas lengthening the duration of 
the spring peak compared with the non-heated stations. Hence, 
Fragtlarta vaucheriae was able to maintain a population from January 
te May at the heated site but only from mid-April at the unheated 
site. (Figure 28). The upper tolerance limit of this species appeared 
to be 20°C. 

Variation in temperature between the heated and non-heated sites 
appeared to be an important but not the only factor in regulating 


population size of the species discussed above. 
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FIGURE 27. Relationship of Fragilarta capucina seasonal periodicity 


to water temperature at a heated and a non-heated site. 
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FIGURE 28, Relationship of Fragilarta vaucheriae seasonal periodicity 


to water temperature at a heated and a non-heated site. 
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SUMMARY 

A general trend concerning the seasonal succession of the 
epiphytic algal flora has emerged. Immediately after ice break-up 
in late April, a spring maximum was recorded. During late May and June 
the population declined towards a summer minimum. A second peak occurred 
in late August or early September. Immediately after this second peak 
the standing crop either declined sharply or only slightly. A 
smaller peak was often recorded in early November just before 
the flora disappeared in mid-November when ice formation occurred. 

The heated effluent, although it did not alter the general 
Seasonal succession pattern of spring peak, summer minimum and autumn 
peak did increase the period of open water from the usual seven 
months to a full year in the affected areas, which caused the brief 
spring peak to be extended over a longer period of time. The second 
peak in late summer/early autumn was more sharply defined in the heated 
zone, with all three standing crop parameters showing a rapid 
decline immediately after the peak. | 

The relative dominance of the epiphyton was altered by the heated 
effluent (Table 10). In the unheated portions of the lake, the only 
common alga, along with diatoms, was Mougeotta sp. The spring maximum in 
both the heated and non-heated areas was dominated by Fragilarta 
capuctna and Diatoma elongatum but population sizes were much greater 
in the heated areas. However, the peak in the late summer or early 
autumn was altered radically by the heated effluent. The dominant 
species in the unheated zone, Achnanthes minutissima, Eprthemta 
turgida and Gomphonema gracile were replaced by the filamentous 


chlorophycean algae, Oedogontum sp. and Sptrogyra sp. in the heated 
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TABLE 10 


Relative Dominance of the Major Species at Heated and Non-heated 
sites during spring maximum, summer minimum and late summer/early 
autumn maximum 


Spring Summer Late Summer/ 
Species Maximum Minimum Early Autumn Maximum 


Heated Site 


Achnanthes mtnutisstma 
Eptthemta turgtda 
Mougeotta Sp. 
Oedogontum Sp. 
Sptrogyra sp. 
Sttgeoelontum tenue 
Coececonets placentula 
Gormphonema gractle 
Gomphonema parvulum 
Diatoma elongatum 
Fragtlarta capuctna 
Fragtlarta vaucheriae 
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Non-heated Site 


Achnanthes minuttsstima 
Etpthemta turgtda 
Mougeotia Sp. 
Oedogontum Sp. 
Sptrogyra Sp. 
ttgeoclontum tenue 
Coeconets placentula 
Gomphonema gracile 
Gomphonema parvulum 
Dtatoma elongatum 
Fragtlaria capuctna 
Fragtlaria vauchertae 
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D = Dominant (20% of total population or greater) 
C = Common (5% to 20% of total population) 
T = Trace (less than 5% of total population) 


Not recorded in population 
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waters. Cocconets placentula and Sttgeoclonium tenue were the most 
common species during the remainder of the year in the heated waters. 
In the unheated areas there was a much greater variety in common 
Species throughout the year, and although Coeconets placentula was 
common, it was seldom dominant while Sttgeoclonium tenue was 
infrequently recorded. 

The heated water zones have a greater mean yearly standing crop 
than the non-heated zones, due primarily to the longer period of 
open water in the former. Monthly averages between the heated and 


non-heated sites were often comparable. 
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DISCUSSION 

During this study it has been found that for a reasonably 
complete description of the sampled population more than one method 
of standing crop estimation must be used. Each method has inherent 
errors that may significantly alter the interpretation of the standing 
crop if the method is used alone. 

Chlorophyll a determination gives a representative picture of 
Standing crop size; however, it gives no information on the algal 
components of the community (Hickman, 1973). Tippett (1969) pointed 
out that the use of chlorophyll a content for standing crop determina- 
tion was based on two often incorrect assumptions: (1) algal cells 
of one species will always have the same amount of chlorophyll a per 
unit biomass, and (2) different algal species have proportionally 
the same amount of chlorophyll] a per unit biomass. Sargent (1940) 
reported that the chiorophyll a content in ChloreZila sp. cells grown 
in the sun was approximately one-half that of Chlorella sp. cells grown 
in the shade. During the course of this study it was noted that 
Fragilaria eapucina (cell volume 490°) had a much smaller chloroplast 
than did Dtatoma elongatum (cell volume 300u°). This method also fails to 
provide information on the various algal species and their relative 
percentage of the total population. Findenegg (1965) emphasized the 
importance of species determination if an understanding of the algal 
community is to be obtained. 

Cell counting, although a long and tedious process, does provide 
the information concerning species composition necessary for seasonal 
succession. This method, however, tends to over-emphasize the 


importance of the smaller algal species and correspondingly under- 
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emphasize the importance of the larger algal species. At site PA, 
during December 1971 there was a 100-fold increase in total cell numbers, 


8 cells/m* host stem to 1.5 x 1918 eels me host stem but 


Ltield lf! 
total cell volume increased only 24-fold while chlorophyll] a content 
Showed a 29-fold increase. This increase was primarily caused by the 
rapid growth of Stigeoelontum tenue, a small-celled alga. Finally the 
preservation procedure often necessary for cell enumeration destroys 
many of the flagellate species (Hickman, 1973). As there were no 
flagellates present in this study, this counting error did-not bfas 
the results. 

‘Cell volume determination, as it is based on cell counting, 
provides similar information that cell counting does. However, this 
method tends to overestimate the importance of the larger algal 
Species and underestimate the importance of the smaller algal species. 
In late August 1971 at site PA there was a rapid increase in the 
population size of both Oedogonium sp. and Spirogyra sp. (both large 
celled species) which caused a 240-fold increase in total volume. At 
the same time there was only a 56-fold increase in total cell numbers 
and a 42-fold increase in chlorophyll a content. By overestimating 
the larger-celled species, it is possible to mask a population increase 
of a smaller species. In early September 1971 at site SI an increase 
in Mougeotta sp. was accompanied by a small decrease in Oedogontum 
sp. Both total cell numbers and chlorophyll a content recorded a 
standing crop increase; however, total cell volume showed a two-fold 
decrease. 

Although each of the three methods introduces error in standing 


crop determinations, together they provide a fairly complete description 
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of the sampled algal community and its various components. Chlorophy11 
a content provides a fast and convenient method for obtaining total 
Standing crop size. Both total cell volume and total cell numbers 
complement each other, since an overestimation of a species in one of 
the methods is counteracted by an underestimation in the other. 

Previous studies concerning seasonal succession in the epiphytic 
algal communities have been limited in number, and so it has been 
necessary to refer to work that was done on other attached communities, 
primarily the periphytic community. However, direct comparison between 
the periphyton and the epiphyton must be viewed with reservation as 
Tippett (1969, 1970) has demonstrated that the two are often not 
compatible. 

The general pattern of succession as determined in this study 
was a spring maximum and a late summer/early autumn maximum with an 
intervening summer minimum. The spring maximum, which occurred 
immediately after ice break-up, was very short as the population 
jmmediately decreased in size te a summer minimum. After the late 
summer/early autumn peak the population either declined back to 
pre-peak minimum levels or decreased only slightly. A smaller 
autumn peak was often recorded immediately before ice formation. 

Godward (1937) and Jgrgensen (1957) have reported that the 
spring maximum in a natural community was generally larger than the 
late summer/early autumn peak. In this study, however, two of the 
three unheated sites, SI and SC, had larger late summer/early autumn peak 
while only one site, WI, showed a larger spring peak. The 
difference between this and previous studies may have been caused by 


the relatively late ice break-up at Lake Wabamun. At site GB where the 
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ice melted in late March, a month earlier than sites SI and SC, the 
Spring maximum was larger than the autumn maximum. At site WI the 
ice disappeared two weeks earlier than the other two sites; this longer 
period of open water may have been responsible for the spring maximum 
being larger than the autumn maximum. The lake studied by Godward (1937) 
was sampled throughout the year; however, sampling couid not be begun 
until mid-April on those studied by Jgrgensen (1957). In the three 
Sites affected by the thermal effluent at Lake Wabamun the total cell 
numbers were much larger during the spring peak. Tne autumn peak 
generally showed a iarger chlorophyll a content due to a dominance 
of large cell chlorophycean species which have a higher chloroplast 
area/cell ratio than do the dominant spring species, particularly 
Fragtlarta capucina. 

The spring bloom of an epilithic algal community did not occur 
until the water temperature had risen above 13°C (Castenholz, 1960). 
Cannon et al. (1961), however, reported that the epiphytic species 
Tabellarta floeculosa began growth only after a minimum temperature 
of 6°C had been reached. During this study the temperature increase 
during the. spring was very rapid at the unheated sites and the water 
temperature was above 6°C but below the 13°C limit suggested by 
Castenholz (1960) when the first sample was taken. The standing crop 
at this time was usually large; therefore, the minimum temperature for 
growth was below ogee Only at site GB was the temperature below 6°C 
when the sampling program began. As the initial population of spring 
dominants was quite high, it appears that if there is a minimum 
temperature level for growth it is below 4°c which was the water 


temperature at GB when the first sample was collected. 
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Dillard (1969) reported that a water temperature of 15°C was 


important in the initiation of successional changes. In the Lake 


Wabamun study, however, neither the decline of the Spring species nor 
the growth of the summer species corresponded with this or any single 
temperature. Usually the spring population in the unheated sites was 
rapidly declining before a temperature of 15°C was reached. However, 

a peak of spring dominants occurred in early June, 1972 at site SI when 
the temperature was above 15°C. At the heated Sites, the spring 
dominants reached maximum populations when the temperature was above 
15°C. It appears that some factor(s) other than temperature alone 

is (are) responsible for the decline of the spring dominants and the 


subsequent growth of the summer population. 


The spring maximum at all seven sites was dominated by 
Fragilaria capucina and Diatoma elongatum. Dtatoma elongatum has 
previously been reported as a dominant spring species (Castenholz, 
1960, Tippett, 1969). Diatoma vulgare, another very common spring 
species (Castenholz, 1960), was not reported in the flora of the 
unheated sites, although it was a common species in the spring flora 
of the heated and semi-heated sites. Light may have been a determining 
factor for Diatoma vulgare as this species had reached a maximum in 
early April and was either rapidly declining or had already 
disappeared by the time the ice broke at the three unheated sites. 

The common summer species at the unheated sites included 
Achnanthes minuttssima, Gomphonema gractle, Epithemia turgida, and in 


late summer, Mougeotta sp.  Achnanthes minutissima had been previously 
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classified as a summer species with an autumn maximum (Jérgensen, 1957). 
Godward (1937) reported that Epithemia turgida showed very little 
seasonal variation; however, Castenholz (1960) concluded that it was 
primarily a summer species. At the three unheated sites in this 

Study, Eptthemta turgtda would be classified as a summer species with 
an autumn peak. Godward (1937) reported that Mougeotta parvula was 
common to reed swamps during the summer but disappeared in late 
September. In thts study, Mougeotta sp. appeared in the non-heated 
Sites during the late summer and was a common species until ice formation 
in mid-November. Mougeotia sp. was only found briefly at the heated 
sites in the spring. Eptthemta turgida was only infrequently found 

at the heated sites during the summer. Achnanthes minutisstma and 
Gomphonema gracile, altnough present during the summer, reached 

maximum population sizes at the heated site during the winter or early 
spring. 

Castenholz (1960) reported that an autumn peak of epilithic diatoms 
occurred only after the water temperatures had dropped below iia be During 
the late summer/early autumn peak at the unheated sites, the water 
temperature was very close to this temperature; however, the increase 
in population size was often initiated in late August when the water 
temperature was near its summer maximum. The late summer/early 
autumn peak in the heated zones occurred at maximum (30°C) water 
temperatures. This autumn peak in the unheated zones was dominated 
by summer species as had been previously reported by Castenholz (1960). 

In the heated sites, however, this peak was dominated by species that 


were not in the flora until just prior to the peak and that disappeared 


immediately after the peak. 
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Castenholz (1960) and Hickman (in press) reported that during 
the autumn, with decreasing water temperatures, some of the spring 
dominants reappeared in the flora. In this study, Diatoma elongatum 
was an example of such a species. At the non-heated sites, it was 
often present in small numbers through the summer and An ain and 
reached a small peak just prior to ice formation. However, spring 
dominants were never reported during the autumn months in the three 
heated sites. 

Although both standing crop and species diversity were adversely 
affected by the increased turbulence at site SC, the general pattern 
of succession discussed above was not changed. Site SC was established 
in an area where human disturbance was maximal. Due to the many 
boating activities in the area this site was exposed to more 
turbulence than either of the other two control sites. Young (1945) 
Showed that turbulence affected standing crop by decreasing the species 
diversity and floral composition, particularly in shallow areas where 
waves produced a surf, and hence, the turbulence was great compared 
to deep waters. Fox et al. (1969) concluded that 
turbulence affected the epiphyton by making attachment difficult for 
some genera and by knocking epiphyton off, thus reducing the total 
numbers and species diversity. At site SC, the species diversity was 
not noticeably affected However, there was an increase in the 
relative importance of Cocconets placentula, a species that 
attaches an entire valve face to the host macrophyte (Patrick, 
1948). Filamentous species were not normally reported at this site since 

Mougeotta sp., the most common filamentous species at the unheated 


sites, was reported here only once. 
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Young (1945) also noticed a similar lack of filamentous species at 


exposed sites. 


Effects of Thermal Effluent on the Epiphyton 

Cairns et al. (1972) proposed that thermal effluent was a 
pollutant and could be examined as such. If the heated discharge 
is a pollutant in Lake Wabamun, then it should cause (1) a decrease 
in the number of species, and (2) a predominance of one or more 
species in the affected areas (Patrick et al. 1954, Cairns et al., 
1972). Using an equal number of specimens from a heated and a non- 
heated station, it was seen that the non-heated site normally had 
a greater number of species: site PA, 10 species, and site WI, 14 
species on August 10, 1971; site PA, 7 species, and Site WI, 15 
specieshonmJulyml7, 119723 sitexPAysl2 species, andtsitewW) > 1Sespecies 
on October 19, 1971. During the summer minimum one or two species 
heated water sites. At site SO, Cocemets placentula accounted for 81% 
of the total population on August 26, 1971, while at site PA, Coeconets 
placentula accounted for 94% of the total population on July 27, 1971. 
During this period, the non-heated sites normally did not have one 
species that accounted for more than 50% of the total population; for 
example, at site SI, no species accounted for more than 10% of the total 
population on July 17, 1972. Similarly, on July 17, 1972, Achnanthes 
minuttsstma accounted for only 37% of the total population at site WI. This 


study thus confirms the proposal by Cairns et al. (1972) that in Lake 


Wabamun the thermal effluent was a pollutant. However, this method 

of species diversity determination should be viewed with reservation. It 
is possible that many rare species were overlooked and so the estimated 
diversity was low, especially when one species accounted for more than 


60% to 70% of the total population. 
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During the winter, even when the water temperature at the heated site 


had. declined to within the range cf normal spring temperatures there was 
still the marked decline in number of species: (Site WO 5 Species on 
December #29), 8197.15 “siterson7 tpectasion February 1, 1972; site PA, 
9 species on November 30, 1971). Coutant (1966) reported a similar 
decrease in species diversity during the winter months. 

| During the spring maximum at the neated sites, however, there 
was an increase in species diversity and a corresponding decrease in 
the predominance of one species, for example, on April 11, 1972 at 
Site WO there were 16 species present and Fragilaria capucina comprised 
49% of the total population. At this time the heated sites most closely 
resembled normal lake sites since tne water temperatures were sti!l within 
the range of normal lake summer temperatures and light levels were 
approaching summer levels (Hutchinson, 1957). These conditions may have 
been responsible for the increasing diversity. However, Young (1945) 
and Kowalczewski (1965) have found that there is generally a greater 
diversity of epiphytes on the older dead stems than on the live stems. 
At this time, most of the stems in the heated zone were dead. Young (1945) 
pointed out that the dead stems have lost their smooth waxy surface, 
leaving a rough surface that provides a better substratum to which the 
epiphyton can adhere. The increase, therefore, could be due to the better 
substratum provided by the dead stems. 

Early work on the biotic effects of a thermal effluent (Cairns, 

1956) showed that there was a population shift from a predominance 
of members of the Bacillariophyta to tnat by members of the 
Chlorophyta at approximately 30°C. Later workers (Ventakerwarku, 
1969; Pucher-Petovic, 1970) reported that this shift in dominance was 


correlated with dissolved oxygen levels, a high oxygen content 


apt 
OFF betel ats 28 aman 


oi, t= en oe | ee 
hip esibspun'e <b ait)» niceties rs 
At ncie SER, 7 Crnweelan MeRipiaOMRTT SOR-aitte aTNOTe, OS ngdmaneD ; 


sahil an werne (D901) Sensiied. {TOT DE tadnevolt no zetseqe @ 
siails, rownod -y ens he tronwaie Brkh te: aumebaegm prvtirgé erly poeta: “8 

nh ganged gn thacwene-s lint gikaten it’ estomga nt seseront ne aaw * 
te §V@l+, Gf djnok no .abepnnee MOT peatooqe eno Yo. soneninobayq ond 
Lozirqmoe nalhwgpy oft ayet bee dames estaage Of. evew ovedd OW ayTe 
ylezelo Jac 2erhe beteet ofits etter bh- netaetuqog Tarot oft to eb 
nitdtw (ite: aw dante edonkey soaitie eo?te sdot lnarion boldinaze’ 
oon zie! Seohh bas cuaetensgedid’ vemaue Sitet Reno to pny eit 
avGi yeat aiorsebyoo aan 4. (VRRL. hoe dont): efewel vemnue gaidosoveys 
Lehehjopeno ,~srrswal «.yodetavi’.. oh Fessvant off vol efdbenogeey need 
‘TOIHS4D & yi TyeneD. 22) seems. deel Loco? eved LEROk) Vheweral snot bh5 
2nete aut} std no nett dmbde teab! Aabterpds) mmc madyMatgs toous HeavtD 
(G0) gawayY beab eew aatz-tudeod with Ab engite SAFO gene sombs a hie aA 
<Soetwe yxtw dices ess, tool sved amete inet odd Pore tod betitoq 
ot) ASH. oF musicale vetted 8 zebioong Pads Soetive Apvot 6 pntvesl 
voided ont} a) +ond-ed 6f)0o° ,ofotamtt-,sesdiont git .everdis asd nedigiqhys 
en tnaghtis Tuannilt 6 Yo stavtte oltetd ott Wo atow ylred = ce 
, Sadan Poabyad emard sie nohteligog 6 zaw ores Sart bowaite (aeet 
ait? 70 Hvutinum yd wry pe~acyliquiel tos ent Yo xsdmam™ Fo 
eeeceeenenreireene inane serena 


4. =| Ty? ‘os wet ee 1 2 6 Ra 


167 


favoring members of the Chlorophyta and a low oxygen content favoring 
members of the Cyanophyta. In this study during the months of July, 
August, and early September, the water temperatures approached 300 Ce 
and the oxygen levels were very high, well above 100% saturation 
level. As would be expected from the work of Cairns (1956), 
Ventakeswarku (1969), and Pucher-Petovic (1970) there was an influx of 
chlorophycean species, particularly Oedogoniwn sp. and Spirogyra sp., 
which were common at this time. These two species were either infrequent 
or absent at the non-heated sites during the entire study. 

Patrick et al. (1969) reported that a temperature increase 
above the ambient up to 29°-30°C caused an increase in biomass. Such 
an increase was not observed in the heated zones as all three parameters 
recorded comparable standing crops at both the heated and: non-heated 
sites during the ice free months. It is possible that other environmental 
factors, particularly competition from surrounding macrophytes in the 
heated sites masked this increase. 

As the thermal effluent caused only a slight increase in the 
water temperatures at site GB, this site would be expected to have a 
flora that was intermediate between that of the unheated and the 
heated sites (Owen, 1960). Members of the Chlorophyta were more 
common at this site than at the unheated sites, but they never 
became important members of the population. Both Spirogyra sp. and 
Bulbochaeta sp. were recorded at this site but not at the unheated 
sites. There was no noticeable decline in species diversity at site 
GB. Members of the Cyanophyta were more common at this site than at 
anyof the other six sites. Although Owen (1960) reported an increase 


in the Cyanophyta in thermally affected areas, this was not the cause 
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of the larger cyanophycean population at this site,since no large 
cyanophycean populations occurred at the heated sites. These popula- 
tions were due to other unknown factors. 

The major effect of the thermal effluent, however, was to increase 
the growth period from seven months to a full twelve months. This 
longer growing season was responsible for the large spring maximum 
in the heated sites. The previous year's Scirpus sp. stems were not 
destroyed by ice and so provided a substratum for the epiphyton. The 
large spring maximum often stretched over a two month period as there 
was little competition from surrounding aquatic macrophytes for either 
Space or nutrients. 

Many of the common algal species showed a thermal preference. 
Some of these species were restricted to either the heated or unheated 
sites and appeared in the other only infrequently while other species 
grew well in either type of site. 

Achnanthes minuttssima 

A. minuttssima was most common in the unheated sites although 
it did grow well at the heated sites, particularly during the spring. 
Ventakeswarku (1969) reported that A. minuttssima preferred low water 
temperatures and high dissolved oxygen levels. As would be expected 
from previous studies, this species was most common immediately 
prior to ice formation when the water temperature was below 5°C and 
the dissolved oxygen level was near 100% saturation. This species 
could be classified as a eu-eurytherm (Hustedt, 1956) as it grew over a 
temperature range. However, the best growth occurred below 15°C. 


Eptthemta turgida 


BE. turgida experienced optimal growth between 10°C and 20°C 
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and so could be considered a tropical cold water meso-stenotherm (Hustedt, 
1956). It was reported that this species showed little seasonal variation 
although there was a slight increase from September through December 
(Godward, 1937). Castenholz (1960), however, concluded that this 
Species was a major summer species with an autumn peak. At lake 
Wabamun £, turgtda was a major summer none and reached a peak in 
September. The small peak in the heated zone occurred when the 
temperature dropped below nate. | 

Mougeotta Sp. 

Mougeotta sp. could be classified as a cold water stenotherm 
(Hustedt, 1956) with major growth occurring below 15°C. This species 
waS a major autumn species in the non-heated zones; however, in the 
heated sites it was a spring species. During the spring, the heated 
Sites, as stated previously, most closely resembied the non-heated 
sites. It is this close approximation to late summer conditions in 
a non-heated site that may have caused the seasonal shift. Mougeotta 
parvula was a common species from April to early July in the reed 
Swamps examined by Godward (1937). Mougeotta spp. were found in the 
same lake; however, growing from June to December with a maximum in 
September (Godward, 1937). It is possible that, as with the study of Godward 
(1937), there could be two or more different species of Mougeotta 
in the lake. However, this is unlikely because the vegetative structure 
was virtually identical for all specimens. Identification to species 
was not possible as conjugating cells were never seen. 

Oedogontum sp. and Sptrogyra sp. 

Both Oedogonium sp. and Sptrogyra sp. were considered to be 


meso-eurytherms (Hustedt, 1956) as growth occurred most frequently between 
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the temperatures of 15° and 30°C. There were two peaks for both species, 
one in the late summer/early autumn and the other during the spring 
maximum in April. Godward (1937) reported that Sptregyra sp. reached 

a peak during the winter, although it was present in his study during the 
summer at depths below 4m, hence under conditions of low light intensity. 
Venkateswarku (1969) also reported that Spirogyra sp. was adversely 
affected by high temperature. Castenholz (1960), hcwever, found that 
Sptrogyra Sp. was common during the summer. Dillard (1969) reported 

that a Sptrogyra sp. - Oedogonium sp. conmunity was common during 

the late spring and summer months. Godward (1937) and Abdin (1949) 
reported that Oedogontum sp. had a summer maximum as this species 
preferred high light intensities. Hickman (1971) reported that Oedogontum 
Was common from February until June and during August and September. 

This distributional pattern was very similar to that shown by both 
Cedogontum sp. and Sptrogyra sp. at Lake Wabamun. 


Stigeoelonium tenue 
S. tenue grew well through a wide range of temperatures. However, 


it was only infrequently recorded in the non-heated sites. 
Venkateswarku (1969) reported that it was adversely affected by high 
temperatures, but this seems unlikely as a peak was recorded during 
mid-summer when water temperatures were approaching 30°C. Light 

levels may have been the determining factor in the distributional 
patterns of this species. Abdin (1949) reported that S. tenue 
preferred moderate light levels and was inhibited by high light levels. 
The large peak in the late autumn and early winter occurred when 

the light levels were low. By mid-summer, the Scirpus sp. beds had 
collected a large amount of floating debris. This debris and the 


dense surrounding macrophyte beds reduced the light intensity reaching 
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the epiphyton to a level where Sttgeoclonium tenue was not inhibited. Lack 
of debris and dense macrophyte beds could have prevented the growth of 
S, tenue at the non-heated sites. 
Coceonets_ placentula 
C. placentula grew well through the entire temperature range in 
this study. This species apparently favored the heated sites although 
it occurred at all sites. Godward (1937) reported that this species was found 
throughout the year with a maximum in December. Fox et al. 
(1969) found a similar distributional pattern; however, both Jgrgensen 
(1957) and Castenholz (1960) reported an autumn maximum for 
Species. Light intensity also appears to be a major factor in the 
distribution of this species as Tippett (1969) reported that 
C. placentula was inhibited by high light intensities. The smaller 
populations in the non-heated zones could have been due to a lack of 
surface debris necessary to lower the light intensity during the summer 
months. Unlike Stigeocloniwn tenue, the growth of this species 
appearedto be only retarded and not totally inhibited by summer light 
intensities at Lake Wabamun. 
Gomphonema gractle 
The growth of G. gracile appeareito be reduced above 25°C. 
During the periods of maximum water temperature the population size 
was very low in the heated sites. No literature was found that 
pertained to either the seasonal periodicity or environmental 


requirements of this species. 


Gomphonema parvulum 


G. parvulum grew well below 25°C, although it did occur in 


warmer waters in very small numbers. Wallace (1955) reported that 


; 
6 cake y ate Se 


+ 
- a 


a vara + 


i Shaya cudtarronmat ¢9 Pate wie Via wing Shaameony sa 
Kail a -salee-botast aty-betowe yftatiesqa eafoege abd ote er 
wor, amastene able wey Homage {RCL beget eset: T ts ts barrmaseah e 
. fiber . aeiienw nt, oe we 6 wey yooy ‘sits suorguot . 
aanepikt aot! .wyawhn sivpeitay fernmotateunasle vel tees b bavot- ever) 
>. SCO ven aS Pa ‘besreque (9881) xfotest 229 bak (veer) 


iS 


day et tndse? ~ofpin kd od = ay. ona Gels yslenedat Spt - “saatonge ; 7 
Set hyelogan (EERE) thet | ae abhoeye: atat to natsudinseth ip 7 
Yet Fong ont .agkthenaeah saphl oh qd bath tea a “Seen ee 
to Def 6 od aule: tise oe8i| ntwor zodes oD aisaAe 909. ‘ont mt nent te fia 
vormmy2 od oribiot yohenernt- soit ody eet of wrazeszen atadab sostwe 
éstoune 2h). Lo died ais Mined spl oS out fat -eninonm 
digt! ~somwe yd badidednl vilegod tan his babystey \Firo od orborsoqge 
nunideW ets 4 a aad ter 
vee Cie.) ar es 1 9 Bilnvitp arenodgead 2" - 
B26 vad haaubiy 908 omange atieaty: 2 Yo aware ae 
a5 he: rotsatuade aut. smstinoaned “vat aw fn 8 to ‘abotse ir ie 
Sietd bro? eewauathtved tt wi” Laptte ‘vadend ent * wo! ems Js 
‘eh soprenaes Bitathotitg anna wise vant a 4 


Bel Riaicehaahiane mie 


a2 


1s any as 7 " aes he? Uae 
a) eee ht ae a # steht it 8 
oT) et, nh i ees | bi ne 2 v4 
7 Lan ¢ . Ze F wr 


Wz 


the optimal growth temperature was Hits Os however, it would grow in 
culture at temperatures up to 34°C. The upper thermal limit in 

culture is often much higher than in nature because of a lack of 
competition in the former. In nature, a species may be eliminated by 

an unfavorable but not lethal factor due to the competition from other 
Species for space and nutrients (Cairns, 1956). It would appear that a 
temperature of above 25°C was unfavorable for this Species. The cause of 
the limited growth at the unheated sites is unknown. However, it may be 
related to the preference shown by G. parvulum (Butcher, 1932) for water 
having a high organic content. Foerster et al. (1965) reported 

that organic compounds appeared to be in greater concentrations in 

weed beds that in open water. As the heated sites were surrounded by 
dense beds of aquatic macrophytes, there would be a greater amount of 
organic matter released from the macrophytes at the heated sites 

(Allen, 1971). Due to these dense beds, there would also be less | 
turbulence to disperse the organic compounds throughout the water column. 


Diatoma elongatum 


D. elongatum experienced optimal growth below 20°C. Previous 
workers (Butcher, 1932, Godward, 1937, Castenholz, 1960) have reported 
that this species was restricted to the cooler water periods and 
often reached large populations during the spring. At all sites 
there was a large spring peak, but only at the non-heated sites was 
there a smaller autumn peak immediately prior to ice formation. 
Tippett (1969) also found a small population peak in this species 
during the autumn. In this study the chemical parameters were above 
the minimum necessary for growth as reported by Tippett (1969): 


nitrate,.015mg/1, orthophosphate, 0.0009 mg/1, and silica 0.5 mg/1. 
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It would appear, then, that either light and/or temperature would be 
the factor initiating the rapid decline during late spring. The decrease in 
population size in the unheated sites occurred at temperatures that were 
lower than the temperatures at which maximal growth occurred in the 
heated sites. From this it was concluded that temperature was not 
the factor. As all seven sites showed a decline at the same time, 
it is proposed that light was this limiting factor. 
Fragtlarta_capucina 
F. capucina was also a spring species that showed no growth 
above 20°C. No literature was found that pertained to either the 
seasonal periodicity or environmental requirements of this 
species. i 
Fragtlaria vauchertae 
F. vaueheriae Was another species that grew best during the 
spring. All the major growth peaks of this species occurred at 
temperatures below AV ee although it was reported at higher temperatures. 
Castenholz (1960) classified F. vauchertae as a summer species and 


Evans and Stockner (1972) also reported that it was a common summer species. 


Although many of the species did show a preference for either 
the heated or non-heated sites, it was generally not possible to cite 
temperature as the reason for this preference. The environmental 
changes brought about by the influx of thermal effluent were more 
complex than simply an increase in temperature. 

Dissolved Inorganic Ions and the Algal Community 
Seasonal trends in silica, nitrate, and orthophosphate were 


observed in the heated sites. 
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Silica 

Silica levels showed an irregular increase during the autumn and 
winter (Appendix A, Tables 3, 4, 7). These increases in silica 
appeared to be associated with the dissolution of silica from the previous 
year's stems, along with dissolution of planktonic and benthic diatoms 
in the sediment. Jgrgensen (1957) showed that the dissolution of the 
planktonic and benthic diatoms in the sediment was rapid while that of 
the stems was more gradual. During the spring there was a rapid decline 
in silica concentration. Two of the three heated sites showed an 
increase in the total cell numbers of diatoms along with the decrease in 
Silica concentration as had been previously reported for a planktonic 
diatom (Lund, 1950). Site SO, however, showed a decrease in the total 
cell numbers of diatoms along with the decrease in silica concentration. 
No reason for this abnormality can be suggested from the data available. 
Perhaps in this area the planktonic and other benthic diatom populations 
were increasing and utilizing the available silica. A depletion of silica 
is acknowledged (Lund, 1950, Jgrgensen, 1957) as an important, if not 
the prime factor, in the cessation of the spring diatom bloom. The 
minimum level of silica at which diatom growth can occur was reported 
as 0.03 to 0.04 mg/1 (dérgensen, 1957), although Knudson (1957) found 
that growth in Tabellaria flocculosa stopped when silica concentrations 
were less than 0.5 mg/1. At Lake Wabamun, however, the silica levels 
were generally above 1.5 mg/1 and only once did the concentration drop 
below 1.0 mg/1 at any of the seven sites. It would appear that silica 
was not a limiting factor during this study. 

Nitrate 

‘Nitrate levels were also higher during the winter than during the 


summer. This would be expected as the rate of nitrification is higher 
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and the biological demands for nitrate are lower during the winter 
(Hutchinson, 1957). The Spring decline in nitrate coincided with the 
drop in silica at the two heated sites in the Wabamun area but 
occured two weeks after the decline in silica at site SO. The decline 
in nitrate levels at all three of the heated sites occurred as total 
cell numbers were increasing. Godward (1937) reported that nitrate 
levels were generally lower in extensive reed beds than in open water 
because of the more rapid use of nitrate and the slower oxidation of 
Organic matter in the reed beds. This apparently was not the case at 
Lake Wabamun as the summer nitrate levels at both the dense sedge 
beds in the heated areas and the open sedge beds in the non-heated 
areas were comparable. When nitrate is limiting there is competition 
between the host macrophyte and its associated epiphyton (Fitzgerald, 
1969) with a corresponding exclusion of the epiphyton. There is no 
data availabie concerning nitrate limitation, as it is determined from 
nitrate assimilation rates. However, an exclusion of the epiphyton 
was never observed, so it appears that nitrate was not limiting. 

Orthonhosphate 

Trends in orthophosphate levels were less distinct as the 
concentrations were usually below the level detectable by the first 
method employed. Orthophosphate, however, was present in higher 
levels during the winter. The drop in orthophosphate occurred 
sometime during the spring maximum. Brown and Austin (1973) reported 
an increase in total cell numbers along with the decrease in ortho- 
phosphate. The lowest phosphate level recorded was 0.001 mg/l., a 
concentration above the phosphate levels found by Tippett (1969) 
as sufficient for algal growth. The average levels were Pecan 


0.002 and 0.004 mg/1, within the mean range given by Hutchinson (1957) 
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as representatives of lakes of the world. 
None of these three nutrients appeared to be limiting. ~Both 


Silica and orthophosphate levels were above previously recorded 
minimum levels for growth. There was apparently no evidence of the 


exclusion of epiphyton that would be expected if nitrate was limiting. 
Conclusions 


The influx of thermal effluent caused many changes in the 
affected areas. The increased period of open water resulted in a 
larger standing crop in the heated areas. This thermal effluent 
brought about a decline in species diversity and a corresponding 
increase in the predominance of a few species, and so could be 
considered a pollutant (Patrick et al., 1954). At the heated sites 
during the period of maximum water temperature there was an influx 
of chlorophycean species. Many of the common species showed a 
preference for either heated or non-heated sites although this 
preference normally did not correspond with a change in temperature 
alone. This preference, however, was caused ultimately by an influx of 
thermal effluent as the nutrient levels at ali the sites were 
comparable. Therefore, the effect of the thermal effluent upon this 
epiphytic alaal community was a complex situation 
as all variations between the heated and the non-heated sites appeared 


to be related in one way or another to the input of heated water. 
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SUMMARY 

1. All seven sampled sites displayed the same general trend in 
seasonal succession; a spring peak, a summer minimum, and then another 
major peak in late summer/early autumn. Often a small peak occurred 
during the late autumn. In this study the relative size of the two 
major peaks apparently was related to the time of ice break-up. At 
sites SC and SI, where the break-up was recorded in late April, the 
late summer/early autumn peak was larger; however, at sites WI and GB, 
where the ice break-up was earlier, the spring peak was larger. Such 
a relationship was not cbserved in the heated sites due to an influx 
of filamentous chlorophycean algae during the jate summer/early autumn 
peak. 

2. The heated effluent did not alter the general pattern of 
seasonal succession although it caused a change in the composition of 
the flora. This change was most pronounced during the late summer/ 
early autumn peak when water temperatures were highest. During this 
time the heated discharge increased water temperatures to a level where 
there was a shift of dominance from diatoms to chlorophycean species, 
as had been predicted by previous workers. Achnanthes mtnutissima, 
Epithemia turgida, and Gomphonema gracile, the dominant species in the 
non-heated sites were replaced by Oedogonium sp. and Sptrogyra Sp. 
at the heated sites during this late summer/early autumn peak. 

3. The thermal effluent was considered a pollutant at Lake 
Wabamun as it caused a decrease in the number of species and a 
corresponding increase in the relative importance of a few species. 
Only during the spring maximum, when conditions at the heated sites 


most closely resembled normal lake conditions, did the species diversity 
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and predominance of the major species approach normal lake proportions. 
However, this increase in diversity may have only been a result of 
growth on dead stems. 

4. The major consequence of the thermal discharge was an increase 
in the period of open water at the affected sites. The mean yearly 
standing crop was higher in the heated sites since the period of growth 
was extended from seven months to a full twelve months, although 
corresponding monthly averages between heated and non-heated sites 
were comparable. The spring maximum was extended over a two-month 
period in the heated sites while it was often confined to less than 
two weeks in the non-heated sites. 

5. Many of the common species displayed a preference for either 
the heated or the non-heated sites. This preference often could not be 
correlated with an increase in water temperature alone as the influx of 
thermal effluent caused many other environmental changes. However, the 
ultimate cause of this preference was the influx of the thermal] 
effluent. 

6. Silica, nitrate, and orthophosphate showed a seasonal 
pattern, especially in the heated sites. All three were present in 
higher concentrations over the winter and showed a marked decline 
during the spring epiphyton maximum. At no time during the study, 


however, did any of these three nutrients appear to be limiting. 
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